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 In coastal Louisiana it is common to use dredge spoil to build marshland that has 
been lost due to a variety of factors. Under various conditions such as deposition in a drained 
oxygenated environment, metals in the spoil can become more bioavailable posing a threat to the 
ecosystem. This study compares metal availability in natural and dredged sediments to determine 
what changes occur in nature. 
Forty four samples from three locations, Atchafalaya Delta, Houma Navigation Canal, 
and Southwest Pass, were analyzed for 13 common elements with known or potentially harmful 
health effects; Al, As, Ba, Be, Cd, Cr, Co, Cu, Fe, Mn, Pb, Sb and Zn.  The Tessier sequential 
extraction procedure was used to obtain four fractions: soluble and exchangeable; carbonate 
bound; associated with Fe and Mn oxides; and bound to organic matter. All samples were 
processed in triplicate. Quantitative estimates of elemental abundance were obtained with 
inductively coupled plasma optical emission spectroscopy (ICP-OES). A mixed analysis of 
variance (ANOVA) was employed to determine differences due to location, fraction, sediment 
type, and element. 
 Visual inspection of the individual and mean results suggests variation with respect to 
geochemical fraction, sediment type, and location dependent on the geochemical affinities of 
each metal. Spoil often contained higher concentrations of metals than natural sediment. 
Location seemed to have little effect. ANOVA results confirm significant variation among the 
fractions for most metals. Between sediment type variation is limited to Al, Co, Mn, Pb, Sb and 
Zn and between the three locations to Ba and Fe. Internal variability at each location is more 





It is common practice in coastal Louisiana (Figure 1) to use material dredged from 
navigation canals, rivers, and distributaries to rebuild marshland lost to subsidence and 
anthropogenic activity.  Previous studies have shown that constructed systems may be similar but 
do not duplicate natural systems even after many years (Edwards and Proffitt, 2003; Elder and 
Callaway, 1999).  Marshes created in the Sabine National Wildlife Reserve have lower levels of 
organic matter, higher bulk densities, and considerably more clay than natural marshes (Edwards 
and Proffitt, 2003).   
Soils, and in particular clay rich soils, can be a reservoir for many harmful constituents 
including heavy metals and trace metals, from here on referred to as metals (Cottenie and 
Verloo, 1984).  The use of dredge spoil in the formation of artificial marshes is of particular 
concern for two reasons: a) studies have shown that dredge spoil tends to have higher clay 
  
Figure 1 – coastal Louisiana showing the three areas where samples were collected: Atchafalaya 
Delta (ATCH), Houma Navigation Canal (HNC), and Southwest Pass (SWP). (Photo courtesy 





contents, and b) moving potentially contaminated soil from the bottom of canals and 
distributaries changes the environment from anoxic bottom water to drained, oxygenated 
environments which can change the mobility of potential contaminants (Edwards and Proffitt, 
2003; Patrick et al., 1977).  The increased clay content of created marshland is particularly 
important because clay minerals often have a net negative charge which gives them the ability to 
exchange cations.  Localized positive charge sites also result in anion exchange capacity.  
Tetrahedral and divalent cations formed by metallic elements are more strongly adsorbed by the 
clay than the abundant K, Na, Mg, and Ca found in the natural environment.  Cation exchange 
reactions are dependent on the pH and redox potential of the environment (McBride, 1994).   
The form in which elements are present in the environment, their speciation, has a direct 
effect on how they will interact with clays and their bioavailability.  Metals exist in a variety of 
species, such as Fe2+ and Fe3+oxides, each with a distinct level of availability and ability to 
interact with their environment.  Thirteen metals commonly examined based on their abundance 
and/or potential toxic effects include: Al, As, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Pb, Sb, and Zn 
(presented alphabetically by chemical symbol).  Klassen (1996) separates metals into four 
categories: a) major toxic metals with multiple side effects, b) essential metals with potential for 
toxicity, c) metals related to medical therapy, and d) minor toxic metals.  Table 1 lists the 
recommended maximum concentration levels in drinking water and medical side effects for the 
metals listed above as recognized by the Environmental Protection Agency in 2009. 
Klassen (1996) classifies Al as a metal related to medical therapy.  Aluminum is one of 
the most common elements in the Earth’s crust and is very reactive.  Aluminum is not common 
in the 0 valence state and reactions usually involve Al3+ with oxygen donating ligands (ions or 




Table 1 – Metals and their related medical complications.  MCL is the maximum contaminant 
level in drinking water as allowable by the EPA. (EPA, 2009; Klassen, 1996)   








Skin (hyperpigmentation, keratosis), Vascular, Central 
Nervous System, Liver 
yes 0.01 
Barium 
Kidney, Cardio, Baritosis (inhaled), Gastroenteritis, 
Muscular Paralysis, Decreased Pulse, Ventricular Fibrillation 
no 2.00 
Beryllium 
Gastrointestional (erosion, inflammatory lesions), 
Respiratory System (Chronic Be Disease, Chronic 
Inflammatory Lung Disease), Vascular, Provoke Immune 
Reactions, Contact Dermatitis 
yes 0.004 
Cadmium 
Kidney (chronic renal tabular disease), Pulmonary Disease, 




Septum Atrophy, Respiratory Toxicity, Kidney, Provoke 
Immune Reactions 
yes 0.10 
Cobalt Goitre, Cardiomyopathy, pneumoconiosis, allergic dermatitis yes NA 
Copper 
Gastrointestinal, Vascular (Chronic), Wilson's Disease, 
Hypotension (Acute) 
no 1.30 
Iron Cardiovascular disease, acute poisoning no NA 
Manganese 
Pneumonitis (Acute Inhalation), Epithelial Necrosis and 
Mononuclear Proliferation (Chronic Inhalation), Central 
Nervous System, Neuropsychiatric Disorder, Liver 
no NA 
Lead 
Cardiotoxicity, Neuropathy, Encephalopathy, Kidney, 
Vascular, Reproductive  
no 0.02 
Antimony 
Decreased longevity and blood glucose, altered blood 
cholesterol levels, Antimony Spots 
yes 0.01 





compounds also tend to hydrolyze into species with variable solubilities which are pH 
dependent.  In soils with pH below 5.5 Al minerals begin dissolving thus releasing Al3+ and 
exchanging other cations from the soil.  Acid rain has caused Al to become more of a concern as 
more Al is released in soluble forms that are biologically available than in the past.  Effects to 
the lungs and bone, central nervous system, and developmental effects in children have been 
reported, (Table 1; EPA, 2009). 
Arsenic is one of the major toxic metals with multiple side effects and can form many 
different compounds.  It is common in nature as As3+, and As5+ but As3- and As0 can exist in 
certain circumstances.  Arsenate sorbs to Fe and Al oxides, amorphous aluminosilicates, and to 
layer silicate clays.  Arsenic sorbs more effectively at lower pH levels which gives it low 
mobility at lower pH.  Common sources of As in the environment are smelting processes for Cu, 
Zn, and Pb, and glass and chemical manufacture.  Arsenic poisoning is visible in fingernails and 
prolonged exposure causes vascular, central nervous system, liver, and skin complications, 
(Table 1; Klassen, 1996; McBride, 1994; EPA, 2009). 
Barium, a minor toxic metal, is found in the +2 state and can readily substitute for K in 
silicate structures.  Solubility for Ba compounds determines its bioavailability and it can be made 
insoluble by precipitation with sulfides, carbonates, or fixation on highly charged clay layers.  
Clays and humus have high cation exchange selectivity for Ba.  Effects of Ba poisoning include 
baritosis, gastroenteritis, muscular paralysis, kidney effects, cardio effects, ventricular 
fibrillation, and decreased pulse rates, (Table 1; Klassen, 1996; McBride, 1994; EPA, 2009). 
Beryllium exists in the +2 oxidation state only.  It is a highly toxic metal with multiple 




hydroxyl species.  At low pH levels Be can also sorb to surfaces and form strong bonds with 
organic matter.  It is typically released to the environment through the combustion of coal and oil 
with few industrial uses otherwise.  Beryllium affects the respiratory, vascular, and 
gastrointestinal systems, can provoke immune reactions, and contact dermatitis, (Table 1; 
Casarett and Doull, 1996; McBride, 1994; EPA, 2009). 
Cadmium is also a major toxic metal with multiple effects.  It is created from Pb and Zn 
smelting processes.  Cadmium2+ sorbs weakly to organic matter, clays, and oxides at pH below 6 
and may be released into the environment with a change in ionic composition of the pore waters.  
Cadmium in carbonate complexes can start forming at pH above 7 and can be dissolved with a 
moderate drop in pH.  Hydroxides of Cd can be oxidized to release Cd metal which is 
considerably more difficult to access biologically (Patrick et al., 1977), and soluble Cd is 
considered biologically available.  It is commonly used in batteries, paints and plastics, and most 
biological exposure comes from food.  Cadmium is of particular importance because of its high 
toxicity in small quantities.  In 1962, the maximum contaminant level (MCL) for Cd in drinking 
water was 10 ppb (Table 1; Price, 1977; McBride, 1994)  In 2009 the MCL for Cd was lowered 
to 5 ppb (EPA, 2009).   
Chromium is a major toxic metal with oxidation states ranging from 2+ to 6+, but only 
the 3+ and 6+ states are environmentally available.  Immobile complexes of Cr3+ with oxides and 
silicate clays are common at low pH and can readily substitute for Fe in clay structures.  Higher 
pH levels can cause oxidation to CrO42- which is promoted by Mn oxides and is highly toxic.  
The 3+ oxidation state is more common in nature but the 6+ state is more useful industrially, and 
also the most toxic.  Exposure to Cr+6 can cause respiratory toxicity, kidney complications, 




Cr+3 an essential element with potential for toxicity.  Chromium+3 may play a part in the control 
of insulin in the body that is still under study (Table 1; Klassen, 1996; McBride, 1994; EPA, 
2009). 
Cobalt is an essential element with potential for toxicity which exists in the +2 or +3 state 
and is a common byproduct of Cu production.  Cobalt preferentially associates with Fe and Mn 
oxides if the soils have strongly oxidizing conditions.  At higher pH, the solubility of Co 
decreases as it forms complexes with organic matter and precipitation of hydroxides.  Cobalt 
sulfides can form in reducing conditions.  Effects of excess Co are not as common as other 
metals but include goiter, cardiomyopathy, pneumoconiosis, and allergic dermatitis (Table 1; 
Klassen, 1996; McBride, 1994; EPA, 2009).   
Copper is an essential element with potential for toxicity.  It commonly occurs as Cu2+ 
but can be reduced to Cu+ and Cu0 under the right conditions.  Because of its tendency to 
associate with sulfides in reducing environments Cu is immobile, but under pH conditions 
greater than 6 Cu can precipitate as a hydroxide, oxide, or hydroxy-carbonate.  Copper 
complexed to humus is very tightly bound making it less labile and therefore less bioavailable.  
Exposure to excess Cu can cause chronic vascular disease, gastrointestinal problems, 
hypotension, and Wilson’s disease (Table 1; Patrick et al., 1977; Klassen, 1996; McBride, 1994; 
EPA, 2009). 
Iron is another essential element with potential for toxicity.  It exists in the +2, +3, +4, 
and +6 oxidation states.  Common compounds found in nature are Fe(OH), FePO4, Fe(OH)3,  
FeCO3, FeS, FeSiO3, Fe2O3 (commonly mined), and Fe3O4.  The species in which Fe is found is 




concern but excess Fe can cause cardiovascular disease, and acute poisoning (Table 1; Patrick et 
al., 1977; Klassen, 1996; EPA, 2009). 
Manganese is an essential metal with potential for toxicity which exists in 11 oxidation 
states ranging from -3 to +7.  The most biologically available states are +2, +4, and +3, which 
can interact with Fe3+.  The 3+ and 4+ states of Mn can form insoluble oxides and hydroxides in 
soils which can then release Mn2+ in reducing conditions.  Soil pH is controlled by the soil redox 
potential and the solubility of Mn is strongly influenced by soil Eh and pH forming soluble 
hydroxides and carbonates above pH 7.  Manganese can also complex with organic matter and 
silicates in soils above pH 6 which lowers its solubility.  Manganese usually enters the food 
chain through foods such as fruits and vegetables but is also being introduced into the 
environment as an octane booster in gasoline, replacing Pb in the 1980’s.  Common effects of 
excessive Mn are pneumonitis, epithelial necrosis, mononuclear proliferation, central nervous 
system and liver disorders, and neuropsychiatric disorder (Table 1; Patrick et al., 1977; Klassen, 
1996; McBride, 1994; EPA, 2009). 
Lead is a ubiquitous metal found in all environments, various phases, and all biological 
systems.  It exists in the +2 oxidation state and at high pH becomes less soluble favoring 
complexation with organic matter, sorption to oxides and silicate clays, and precipitation as 
carbonates and hydroxides.  Lead also has a high affinity for Mn oxides.  Lead, like Cd, is very 
toxic in small doses but is also the least mobile metal overall.  Lead does, however, 
bioaccumulate when complexed to organic matter and tends to accumulate in the roots of plants.  
Some of the medical effects of Pb are cardiotoxicity, neuropathy, encephalopathy, and kidney, 





Antimony is in the same periodic group as As and is known to have the same oxidation 
states as As (+3 and +5), but unlike As is a minor toxic metal.  These states are stable under 
reducing and oxidizing conditions, respectively.  Antimony oxide becomes soluble at or below 
pH 3, and above pH, 10.  The anion form Sb(OH)6- is common when pH is above 4; which can 
exchange with oxides and silicate clays.  Antimony is commonly associated with pollutants from 
industrial mining sites and acid mine drainage and is also used in pigments, glassware, ceramics, 
and fireproofing.  Antimony also mimics the depositional behavior of As in the body causing 
altered blood cholesterol levels, decreased longevity, blood glucose problems, and Sb spots on 
the skin (Table 1; Klassen, 1996; McBride, 1994; EPA, 2009). 
Zinc is an essential metal with potential for toxicity with an oxidation state of 2+.  At low 
pH, Zn has moderate mobility and weakly sorbs to clays and organic matter in an exchangeable 
form.  When pH is raised, sorption to oxides, aluminosilicates, and humus lower the solubility of 
Zn considerably.  In soils highly polluted with Zn, it is common to have precipitation of oxide, 
hydroxide and hydroxycarbonate forms.  These associations also limit the solubility of Zn when 
pH is above 6.  In reducing environments, Zn mobility is restricted by the formation of ZnS 
which is very insoluble.  Deficiency is the usual cause of medical problems but excess Zn can 
cause gastrointestinal problems and hematological systems effects (Table 1; Patrick et al., 1977; 
Klassen, 1996; McBride, 1994; EPA, 2009).  
Metals exist naturally in soil in the various forms indicated above, and have been 
increasing in abundance through anthropogenic inputs since the industrial age.  Selective 
Extraction procedures are one way to identify the levels and presence of metals in soil.  These 
procedures generally employ a series of solutions of varying composition that promote the 




Sequential Extraction Procedure 
Total metal content of soils is useful for many geochemical applications but often the 
speciation of these metals is more of interest to agriculture and environmental geochemistry in 
terms of what is biologically extractable (Cottenie et al., 1979).  Speciation is defined by Tack 
and Verloo (1995) as “the identification and quantification of the different, defined species, 
forms or phases in which an element occurs” and is essentially a function of the mineralogy and 
chemistry of the soil sample (Tessier et al., 1979). 
 Elemental speciation can be determined through sequential extraction and subsequent 
analysis of soluble elements by inductively coupled plasma (ICP).  Many sequential extraction 
procedures (SEPs) are available for analyzing metal species in various kinds of soils and 
environmental samples and can provide information on origin, mode of occurrence, biological 
and physiochemical availability, mobilization, and transport of metals in sediment which makes 
the procedures valuable tools in contaminant analysis (Zimmerman and Weindorf, 2010).  
Quantification of contaminants in soils is typically done using chemical solutions of varying, but 
specific, strengths and reactivities to release metals from the different soil fractions (Ryan et al., 
2008).   
 The procedure proposed by Tessier et al. (1979) is the most commonly used protocol for 
sequential extraction and is the one used for this study.  Although different SEPs are available, 
many of the fractionation procedures tend to be the same.  The theory behind all sequential 
extraction procedures (SEPs) is that the most mobile metals are removed in the first fraction and 
continue to be extracted in order of decreasing mobility.  Tessier et al. (1979) determined that the 
five most common fractions that could be affected by various environmental conditions were 




Metals, especially of anthropogenic input, are expected to associate with the first four fractions 
and metals found in the residual fraction are considered natural occurrences derived from the 
parent rock (Ratuzny et al., 2009).  Table 2 illustrates the operating procedure for the Tessier 
SEP. 
 Fraction 1 is a soluble, exchangeable (Sol/Ex) fraction in which the contaminants are 
weakly adsorbed to the clays and organics in the sediment via electrostatic attraction.  From a 
biological availability standpoint, metals in Sol/Ex fraction are readily available (Tessier et al., 
1979; Patrick et al., 1977). 
 Fraction 2 contaminants are bound to carbonates (Carb).  These particular metals are very 
susceptible to changes in the temperature and pH of the solution and therefore the next most 
readily available (Tessier et al., 1979). 
 Fraction 3 contaminants are bound to Fe and Mn colloids (Fe/Mn).  They exist in 
sediment as cement, nodules, and concretions and tend to be thermodynamically unstable in 
anoxic conditions.  They are most susceptible to changes in Eh (increased availability at low Eh).  
These contaminants are most biologically available under reducing conditions (Tessier et al., 
1979; Patrick et al., 1977). 
 Fraction 4 contaminants are bound to various forms of organic matter (OrgM) and these 
bonds are strong.  These contaminants are released when the oxidizing environment changes, 
degrading the organic matter.  Contamination in the OrgM fraction is the least biologically 
available (Tessier et al., 1979). 
 Fraction 5 is the residual fraction and includes metals incorporated into the crystal 




Table 2 – Conditions for sequential extraction by the Tessier et al. (1979) and BCR (1993) 
procedures. 
Tessier    Time Temp  Solution Used  BCR Time Temp  Solution Used 
     1 g     1 g 
Exch-
angeable 
 1 hr const. 
agitation 
– at rm 
temp  
8 mL 1 M MgCl2 pH 
7.0 





0.11 M HOAc 
    8 mL or                                                                    





  5 hr const. 
agitation 
- at rm 
temp 
8 mL 1 M NaOAc pH 






  6hr  20 
mL 
0.3 M Na2S2O4 + 
0.175 M Na-
citrate + 0.025 
M H-citrate 







pH 2 w/ 
HNO3 
   or                                                  













  2 hr 85° C + 2 
occ. 
agitation 




8.8 M H2O2 
pH 2-3 
  5 mL 30% H2O2 pH 2 
with HNO3 
 
 3 hr 85° C + 2 
with int. 
agitation 
3 mL 30% H2O2 pH 2 
with HNO3 




reduce vol. to 
less than 3 
mL                                 
H2O2 pH 2-3                             
reduce vol. to 
1 mL 
  0.5 hr const. 
agitation  
5 mL 3.2 M NH4OAc 
in 20% (v/v) 
HNO3 - dilute to 
20 mL 





1 M NH4OAc 
pH 2 w/ 
HNO3 
Residual 
      1 mL            
Unk 
HF-HClO4                       
5:1   HF-HClO4                     
10:1      HClO4                                                                                                  
12 N HCl 







available and can only be released with the use of a very strong acid such as HF (Tessier et al., 
1979; Patrick et al., 1977). 
 Other SEPs recently cited in the literature are the Community Bureau of Reference (Ure 
et al., 1993) (BCR) procedure, Short extraction procedure (Maiz et al., 2000), Galán procedure 
(Galán et al., 1999), and the Geological Survey of Canada (Hall et al., 1996) (GSC) procedure.  
They are similar to the Tessier procedure in that they fractionate metals from soil but differ in 
that each uses different reagents and extraction times, and each fractionate the metals slightly 
differently (Zimmerman and Weindorf, 2010).  Table 2 compares two fractionation procedures, 
the Tessier and BCR procedures, including run times and solutions used. 
 The BCR procedure is most like the Tessier procedure with the chief difference occurring 
in the grouping of the fractions.  The Sol/Ex and Carb fractions in the Tessier procedure are 
combined and extracted as one fraction thus reducing the procedure to 3 fractions plus the 
residual (Ure et al., 1993; Zimmerman and Weindorf, 2010).   
 Maiz et al. (2000) compared the Short and Tessier procedures on duplicate sediment 
samples and concluded that there is a strong correlation in collected data between the two 
procedures.  The Short extraction has three fractions and uses very different reagents in the 
extraction and the residual fraction was processed for an undisclosed amount of time as seen in 
Table 3 (Maiz et al., 1997; Zimmerman and Weindorf, 2010). 
 The Galán procedure is similar in form and function to the Tessier procedure with five 
fractions but since the Galán procedure was designed to specifically analyze soils severely 
contaminated with metals associated with acid mine drainage, the reagents used differ 




is the HNO3 and H2O2 mixture used to oxidize the organic material in the OrgM bound fraction.  
Increased accuracy of the metals extracted in acid mine drainage-related samples was seen with 
the Galán procedure over the Tessier and BCR procedures (Galán et al., 1999; Zimmerman and 
Weindorf, 2010).  
 The GCS procedure varies in the names of the fractions classifying them as mobile or 
mobilisible.  The mobile fraction is equivalent to the exchangeable fraction in the previous 
procedures and the mobilisible fraction consists of the amorphous and crystalline Fe oxides, 
organic sulfides and silicates, and residual fractions (less easily extracted).   Extraction times and 
reagents are considerably different with total extraction times exceeding 24 hours (Hall et al., 
Table 3 – Operating conditions for sequential extraction by the Short (Maiz et al., 2000) and 
Galán (1999) procedures. 
 Short   Time Temp  Solution Used Galán Time Temp  Solution Used 
    3 g     0.5 g 
Exch-
angeable 
 2 hr 20° C 10 mL 0.01 mol 
CaCl2 
 1 hr 20° C w/ 
const. 
agitation 
35 mL 1M NH4OAc,        













 0.01 mol 
CaCl2    + 





20 mL 0.4 M 
NH2OH*HCl in 











3 mL 0.2M HNO3 
     5 mL 30% H2O2, pH 
2 
     3 hr  3 mL 30% H2O2 
     0.5 hr const. 
agitation 
5 mL 30% H2O2 
Residual       aqua regia - 
HF acid 






1996).  A modification of the procedure was suggested by Benitez and Dubois (1999) which 
drastically reduced extraction times (Table 4; Zimmerman and Weindorf, 2010).   
Applications of these procedures for the direct comparison of elemental fractionation in 
modern dredged and natural environments are rare. Some, as in Khalid et al. (1978) and Bedel 
et al. (2009), consider one or two elements, or a single extraction as in DeLaune et al. (1989; 
2008).  Others are mainly laboratory studies to predict what might happen in nature. Based on 
material discussed above, it is obvious that a variety of fractionation procedures are available 
and that field studies are limited, especially comparing dredge-spoil deposits with natural 
sediments. Few data are available to compare possibly bioavailable fractions in disturbed 
sediment and natural locations. 
Table 4 – Operating conditions for sequential extraction by the GCS (Hall et al., 1996) procedure. 





 hr ° C mL Benitez and Dubois 1999 
Exchangeable 
1.5 25 30  0.1 mol NaNO3 
1.5 25 30  0.1 mol NaNO3 
Adsorbed 
1.5 25 30  1mol Na OAc pH 5.0 w/ HOAc 








1.5 25 30  0.1 mol Na4P2O7 
1.5  25 30  0.1 mol Na4P2O7 
Amorphous 
oxyhydroxides 
1.5  60 30  









1.5  90 30  
1 mol NH2OH*HCl in 25% 
HOac 
1.5  90 30  
1 mol NH2OH*HCl in 25% 
HOAc 






 The primary objective of this investigation was to determine if differences exist in 
elemental fractionation in undisturbed natural marsh sediments, disturbed marsh sediments 
created from dredge spoil, and between three locations along the Louisiana coastline: 
Atchafalaya Delta, Houma Navigation Canal, and Southwest Pass. Specifically, speciation of Al, 
As, Ba, Be, Cd, Co, Cr, Cu, Fe, Mn, Pb, Sb, and Zn with varying geochemical affinities and 
potential toxicity, were studied.  Speciation was determined through sequential extraction using 
the procedure created by Tessier et al. (1979) and inductively coupled plasma atomic emissions 
(ICP – OES) spectroscopy.  Fractionation results were analyzed using a classical analysis of 
variance (ANOVA) to determine any statistical variations that exists among the samples. Results 
were then compared to determine whether there are significant variations among the individual 
fractions, among the sample sites, and among the three locations. Levels of variation were 
analyzed at the fraction, sediment type and location level.  These results should provide evidence 
for changes in the potential bioavailability of the elements under conditions occurring in nature. 
The null hypothesis driving the study was that all sites were homogeneous at all levels of 
investigation.  
 Based on the characteristics of dredge spoil, disturbed sediments were predicted to have a 
higher occurrence of metals than undisturbed sediment. Predominantly available in the 
exchangeable/soluble fraction should be Al, Ba, Cu, and Zn. Primarily available in the second, 
carbonate bound fraction should be Ba, Cd, Mn, and Pb.  Primarily available in the reducible 
third fraction should be As, Ba, Cd, Co, Pb and Sb.  Primarily available in the oxidizable fourth 





 Samples were collected by Sarah Fearnley, a Ph.D. candidate at the University of New 
Orleans, from three locations in the Louisiana Coastal zone: Atchafalaya Delta (ATCH), Houma 
Navigational Canal (HNC), and Southwest Pass (SWP).  They represent the upper 5 cm of 
natural (undisturbed) sediments and dredged (disturbed) sediments deposited between 1985 and 
2007.  There are a total of 44 sample sites.  Characteristics of each region are summarized below 
and more detailed sample characteristics are given in Appendix A. 
Atchafalaya Delta Sites 
The Atchafalaya Delta (Figure 2) is a fluvially dominated shallow basin, approximately 
545 km2 in an area, with low wave energies and tidal ranges, and a low slope (Lane et al., 2002).  
The Atchafalaya Delta system is one of only two active depositional systems along the Louisiana 
coast (Nyman et al., 1990) and began forming when the Atchafalaya River began separating 
from the Mississippi River for a more direct path to the Gulf of Mexico.  Delta growth was rapid 
until 1963, when a control structure was built at Old River, 87 km upriver from Baton Rouge, to 
restrict the flood stage discharge of the Mississippi into the Atchafalaya.  Presently only 30% of 
the sediment transported by the Mississippi River is captured and transported down the 
Atchafalaya (Johnson et al., 1985).   
Dredge spoil has been used frequently by the US Army Corps of Engineers since 1975 to 
create marshland in the area (Poach and Faulkner, 1998).  The first subaerial exposure of the new 
delta could be seen in late 1971 (early 1972) and was composed of primarily dredge spoil from 





Figure 2 – Atchafalaya Delta sample sites.  Colored lines within circles indicate sample 
collection sites.  The date of spoil deposition is given in the legend.  Six samples were 
collected from the 2007 spoil, seven samples were collected from the 1995 spoil, four 
samples were collected from the 1985 spoil, and four samples were collected from the 




spoil) of the newly formed delta was seen on the eastern side of the channel during low tide 
following a large flooding event in 1973 (Rouse et al., 1978).             
 Sample locations on the delta are illustrated in Figure 2.  Sediment types range from bare, 
freshly disposed sandy beach, to thick, wet clay marshland with standing water in places, to 
predominantly upland with thick moist clay and high levels of flora.  Floral cover can vary from 
10% to 100% with the highest percentages in the upland areas, and be up to 15 cm thick.  
Samples and raw data can be found in Appendix B and were named based on the spoil or natural 
deposition date related to the sample location. 
Houma Navigation Canal Sites 
The Houma Navigation Canal (Figure 3) is located in the Lafourche-Terrebonne delta 
complex which began forming 1500 years ago by a distributary that broke from the ancestral 
Mississippi River.  Progradation of the lobe lasted 500 years before the river again shifted 
effectively abandoning it.  Erosion of the abandoned delta has led to the formation of the Isles 
Dernieries and the Timbalier Islands (Ryan et al., 2005). 
The Houma Navigation Canal runs 65.96 km from the city of Houma, Louisiana to the 
Gulf of Mexico and is federally maintained through dredging projects.  Construction on the canal 
began in 1958 and was completed in 1962 because a deeper navigable waterway was needed for 
travel.  Construction of the channel required dredging through many natural waterways such as 
Bayou Black, la Carpe du Large, Petit and Grand Callou, Sale, and Little Cocodrie Bayous 
which intensified land loss in these areas while the dredge spoil was deposited in other locations 





Figure 3 – Houma Navigation Canal sample sites.  Colored dots indicate sample collection 
locations.  The date of spoil deposition is given in the key.  Sixteen samples were collected 
from dredged spoil and four from natural sediment.  (Photo courtesy of Sarah Fearnley, UNO.) 
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 Sample locations along the Houma Navigation Canal are illustrated in Figure 3.  
Sediment types are marshland with wet, organic rich, clay material with standing water and high 
quantities of vegetation in some places.  Cover varies from 20% to 100%, in upland regions, and 
trunks may be many centimeters in diameter.  Samples were named for the spoil or natural 
deposition date related to sample location (Appendix B). 
Southwest Pass Sites 
Southwest Pass is located on the western side of the birdsfoot delta in the southeast 
Louisiana Gulf Coast, at the mouth of the Mississippi River, and is the second active marsh 
system along the coast of Louisiana (Nyman et al., 1990; Day et al., 2000).  Because of its 
proximity to the mouth of the Mississippi 130 – 150 million tons of sediment travels through the 
Mississippi birdsfoot delta, and Southwest Pass every year (Corbett et al., 2006).  According to 
Day et al. (2000), sediment deposition rates near Southwest Pass can be as high as 44 cm yr-1 
leading to vertical marsh accretion of roughly 2 cm yr-1 (DeLaune et al., 1992).   
Jetties are used to control sediment flow through the pass, and overbank flooding has 
been greatly reduced which limits the amount of sediment being delivered to natural marshlands 
in the birdsfoot region.  There is significant land loss in the area.  Southwest Pass is dredged 
annually to maintain shipping channels (Day et al., 2000). 
Sample collection sites along Southwest Pass are illustrated in Figure 4.  Sediment types 
are marshland with some clay material inter-layered with some sandy material and standing 
water in most pits, and scrub/shrub land with wetter sandy material.  Upland fringe and upland 




were named for the spoil or natural deposition date related to sample location (Appendix B). 
 
a         b 
   
c              d 
   
Figure 4 – Southwest Pass sample sites.  Colored dots indicate sample collection 
locations.  The date of the spoil deposition is given in each photo.  Two samples were 
collected from Natural sediment, seven were collected from 2007 spoil, three collected 






Sediments were allowed to air dry, gently ground with an agate mortar and pestle, and 
homogenized.  One gram was measured into 50 mL tubes and stored for use.  Reagents were 
prepared in accordance with the Tessier extraction method (Tessier et al., 1979) using research 
grade chemicals.  Reagents used for the Tessier procedure are given in Table 2.  All chemicals 
used to make reagents were purchased from Fisher Scientific.  The tubes used for the extractions 
were 50 mL Oakridge centrifuge tubes.  All samples were processed in triplicate following the 
Tessier procedure to assist with statistical analyses. 
Between the extraction for each fraction the sample tube weights were adjusted to within 
0.1 g of each other by adding electrical tape to the outside of the centrifuge tube.  This was done 
to balance the centrifuge tubes without having to add drops of water or reagents to dilute the 
solution volume.  The samples were then centrifuged at 12,000 rpm (10,000 G) for 30 minutes in 
either a Damon/IEC Division IEC HT centrifuge (International Equipment Company, Needham 
Heights, MA) or a Thermoscientific Sorvall Legend XT centrifuge (Thermo Fisher Scientific, 
Osterode, Germany).  After centrifugation the supernatant was decanted and stored in acid 
washed plastic bottles at room temperature.  One drop of concentrated HNO3 was added for 
preservation.  Subsequently, 8 mL of 18 mega ohm (MΩ) water was added to the tube and 
shaken by hand to break up the pellet.  This is done to “wash” the pellet before the addition of 
the next reagent (the same pellet is carried through all fractions).  The tubes were again weighed 
to within 0.1 g of each other and centrifuged.  The wash water was discarded.  
For the Sol/Ex fraction 8 mL of MgCl was added to each tube.  The tubes were shaken on 
a Burrell Wrist Action Shaker (Model 75 Burrell Scientific, Pittsburg, PA) continuously for one 




For the Carb fraction, 8 mL of Na OAc pH 5 was added to the tubes and the pellet shaken 
loose, again by hand.  The tubes were shaken continuously for 5 hours.  After shaking, the same 
centrifuging and washing procedure was followed.   
For the Fe/Mn fraction, 20 mL of a 0.3 M Na-dithionate + 0.175 M Na-citrate + 0.025 M 
H-citrate mixture was added to each tube.  The pellet was loosened and the sample shaken for 6 
hours continuously.  After shaking was complete the samples were again weighed, centrifuged, 
etc, as before.  
For the OrgM fraction, 5 mL of H2O2 and 3 mL of HNO3 were added to each tube.  The 
pellets were loosened, the lids unscrewed, and the tubes placed in a + 85° C hot water bath for 
two hours.  During this time the tubes were agitated slightly by hand every 15 minutes.  After the 
two hours, an additional 3 mL of H2O2 was added to each tube.  The tubes were left in the bath 
and agitated by hand for three more hours.  The tubes were removed from the bath, 3mL of an 
NH4 OAc solution was added to each tube and the lids replaced.  The tubes were then shaken 
continuously for 30 minutes on the wrist action shaker.  Following shaking, the tubes were 
centrifuged, the supernatant collected and stored as before and the remaining pellet discarded. 
Prior to analysis by inductively coupled plasma (ICP), the supernatant from the Sol/Ex 
and Carb fractions was filtered with a 0.45 μm filter into 15 mL Corning centrifuge tubes.  For 
the Fe/Mn and OrgM fractions, 8 – 10 mL was poured into the 15 mL centrifuge tubes and all 
tubes were stored at 4° C until analyzed. 
Moisture Monitor 
The sediments were not dried in an oven at 105° C or higher temperature, prior to 




Collapse of expandable layers could have an adverse effect on the availability of the bound 
metals.  Water content was monitored by weighing approximately one gram of sample (separate 
from the sample used in the extractions) before and after heating to 110° C for 24 hours, and 
cooling in a dessicator for 4 hours.  After the 4 hours, samples were removed from the dessicator 
one at a time and the weight measured immediately.  The ratio between the treated samples and 
the untreated sample weights was used to adjust the results to an air-dried basis. 
ICP Procedure 
All samples were analyzed by ICP OES (Perkin Elmer 3300 DV, Norwalk, CT).  The ICP 
was set to aspirate the sample for 90 seconds and rinse for 600 seconds (10 minutes).  This was a 
necessary step to prevent accumulation of particulates on the torch during analysis.  Samples 
were analyzed in order by number and fraction, eg. sample 1, fractions 1, 2, 3, and 4; sample 2, 
fractions 1, 2, 3, and 4, etc.  This was necessary to prevent accumulation of Na on the torch 
during analysis of the Carb fraction.  Table 5 lists the analytical wavelengths for each element 
analyzed. 
Materials and Standards 
All bottles, pipettes, syringes, filters and filtering tools, tweezers, spatulas, ICP tubes, and 
centrifuge tubes were soaked for a minimum of 12 hours in 1 N HCl to minimize external 
contamination.  After rinsing with distilled water, they were dried and stored prior to use.  The 
HCl acid used to wash the bottles was purchased from Fisher Scientific, the metals used to make 
the standards were purchased from High Purity Standards, and the double distilled HNO3 were 




 Standards were made by gravimetric procedures.  Approximately one milliliter of 
research grade reagent was added to the bottle for each metal to be analyzed and the weight 
recorded after each addition.  After adding all of the metals to be analyzed the total weight of the 
bottle was brought up to 100 g using 2% HNO3.  This was the 10 ppm standard. 
To make the 1 ppm standard, 10 mL of the 10 ppm standard was pipetted into a pre-
weighted bottle.  The bottle was weighed and the weight recorded after the addition of the 10 
mL.  Again, the solution was brought up to 100 g using 2% HNO3 acid. 
The 0.1 ppm standard was made using 0.1 mL (100 μL) of the 10 ppm standard.  The 50 
ppb standard was made using 0.05 mL (50 μL) of the 10 ppm standard.  The 25 ppb was made 




















using 0.025 mL (25 μL) of the 10 ppm standard.  Finally, the 10 ppb standard was made using 
0.010 mL (10 μL) of the 10 ppm standard.   
Statistical Analysis 
Data were analyzed with a classical analysis of variance method (ANOVA) to compare 
the mean values for each fraction by sediment type and location.   The ANOVA was a mixed 
model run using the SAS program version 9.1.  The model and output data file are given in 
Appendix B.  The analysis was conducted with the assistance of Dr. Brian Marx and graduate 
students Ying Chen and Erin Wrona of the LSU Department of Experimental Statistics. The 
mixed model was chosen because it allowed for calculation of fixed as well as random effects in 
the data and error terms relating the parameters to each other (Miller, 1997).  Determining 
whether statistically significant differences existed in the fractions between the two sediment 
types (disturbed and undisturbed) and the three locations, HNC, ATCH, and SWP was the goal 






Mean and standard deviation data for the elemental abundances in the extracted fraction 
by sediment type and location are found in Table 6.   Figures 5 through 17 illustrate the 
individual elemental details for each location and sediment type.  Values are graphed in ppb 
Table 6 – Mean and standard deviation values for all fractions for the 13 metals at Houma 





















Sol/Ex 12141.36 839.20 39221.46 2218.53 2032.8499 701.67 
St Dev 1417.79 85.52 3431.00 244.71 226.64  
Carb 42456.30 3421.22 49758.99 6672.35 11303.2745 1702.71 
St Dev 4857.99 228.94 1745.50 407.33 3719.90  
Fe/Mn 1520498.74 133953.26 292019.74 93842.06 45218.4021 13828.61 
St Dev 173881.38 10834.98 12605.88 5312.91 4197.81  
OrgM 7763225.86 794005.97 3365012.65 1272898.34 364878.6541 167326.41 
St Dev 886429.54 30280.08 120649.03 93715.52 3145.14  
Arsenic 
Sol/Ex 140.63 65.30 1077.51 85.60 57.11 27.64 
St Dev 17.13 4.59 70.08 18.42 24.58  
Carb 5251.12 622.48 11935.23 2593.73 1335.43 831.17 
St Dev 597.09 6.81 73.02 75.31 4.16  
Fe/Mn 262262.93 2039.23 9803.92 3279.15 1492.02 806.60 
St Dev 38433.22 63.76 109.99 121.52 5.05  
OrgM 40067.72 2195.11 10554.24 3199.21 1517.00 701.37 
St Dev 5166.51 47.22 96.81 179.07 0.16   
Barium 
Sol/Ex 37529.10 3172.82 52114.82 20915.39 4526.23 2650.97 
St Dev 4316.90 346.99 1435.00 1743.92 1018.42  
Carb 74469.88 7764.84 73213.47 23756.25 3520.61 2456.15 
St Dev 8491.89 306.59 2292.07 1446.59 185.15  
Fe/Mn 52277.07 6504.62 29653.97 10861.21 1850.12 1387.21 
St Dev 5947.68 160.04 1194.78 525.66 3.88  
OrgM 79318.39 13608.38 29449.37 9355.27 2186.68 999.42 
St Dev 9079.99 981.45 452.48 405.04 15.62   

























Sol/Ex ND ND 35.37 ND ND ND 
St Dev   6.01    
Carb ND ND 29.86 ND ND ND 
St Dev   3.91    
Fe/Mn 33.24 ND ND ND ND ND 
St Dev 5.52      
OrgM 838.50 55.51 373.01 255.60 58.28 34.29 
St Dev 97.48 8.05 21.02 11.53 8.11   
Cadmium 
Sol/Ex 469.18 ND 397.01 136.72 65.87 24.05 
St Dev 54.29  23.51 12.25 1.52  
Carb 40.30 ND 59.50 ND ND 19.82 
St Dev 6.69  10.14    
Fe/Mn 731.18 37.87 83.25 22.53 ND ND 
St Dev 85.49 10.93 7.54 11.27   
OrgM 696.59 10.26 215.56 82.75 10.26 ND 
St Dev 82.84 5.13 12.79 14.73 7.26   
Cobalt 
Sol/Ex 813.56 12.70 1614.07 100.92 79.58 ND 
St Dev 97.00 6.35 139.84 29.49 6.78  
Carb 1385.35 139.28 1072.62 239.98 147.91 9.15 
St Dev 158.83 19.51 53.85 52.32 15.19  
Fe/Mn 6345.98 506.96 1704.11 781.96 176.16 95.15 
St Dev 729.04 27.03 72.42 60.76 4.97  
OrgM 7748.66 824.90 3148.86 880.87 485.70 234.41 
St Dev 882.29 16.19 58.75 79.68 7.69   
Chromium 
Sol/Ex 1778.57 264.79 3608.34 796.28 251.13 187.85 
St Dev 202.77 1.51 38.97 58.37 5.21  
Carb 398.05 57.58 326.42 170.48 91.07 36.20 
St Dev 45.43 2.10 23.37 10.86 7.67  
Fe/Mn 6269.67 699.37 2645.50 688.41 318.26 150.41 
St Dev 713.43 19.66 21.56 9.09 5.52  
OrgM 16432.86 1613.17 7426.30 3233.83 358.44 289.28 
St Dev 1876.37 56.18 256.27 233.42 117.13   

























Sol/Ex 303.80 69.92 859.11 241.48 65.36 46.72 
St Dev 35.69 20.18 48.62 26.49 13.79  
Carb 483.90 92.89 887.92 199.13 189.56 97.11 
St Dev 57.83 33.67 54.30 16.17 175.82  
Fe/Mn 18535.42 2554.90 10509.49 4419.76 1291.96 428.40 
St Dev 2131.45 439.87 524.46 266.31 89.71  
OrgM 13050.50 585.14 2552.54 716.12 277.61 120.60 
St Dev 1525.64 92.77 115.25 36.92 12.67   
Iron 
Sol/Ex 32741.10 2568.02 404712.10 5735.63 3188.46 1041.23 
St Dev 3799.18 697.19 39471.53 1007.61 683.39  
Carb 85860.34 14448.59 224284.64 18637.30 15102.04 9836.16 
St Dev 10027.31 2839.92 11368.41 2847.80 1114.38  
Fe/Mn 10085145.54 1123818.06 3051056.07 1368087.04 257093.39 144898.89 
St Dev 1149599.84 75908.03 116827.88 215948.29 1542.93  
OrgM 12819598.19 1147521.44 5854044.40 2372058.51 645722.10 209257.47 
St Dev 1471756.36 31717.81 179104.56 264313.38 22242.64   
Manganese 
Sol/Ex 115467.20 5272.58 157806.92 60865.93 26161.76 2049.61 
St Dev 13497.64 891.90 10210.78 12068.40 3305.01  
Carb 164633.33 20027.67 198386.33 67279.34 21114.67 20136.73 
St Dev 18979.87 1657.40 9019.72 6525.95 894.36  
Fe/Mn 347404.48 27784.80 135489.65 78097.89 9236.83 19687.78 
St Dev 40430.20 4195.46 10314.60 7916.44 90.53  
OrgM 179462.38 18439.52 92383.72 201978.75 13808.15 5728.21 
St Dev 20483.20 629.41 2867.06 83207.55 782.35   
Lead 
Sol/Ex 292.70 23.81 1725.54 183.00 78.70 36.96 
St Dev 34.53 7.17 119.48 7.60 4.98  
Carb 1235.89 112.06 1616.02 271.37 224.88 53.88 
St Dev 142.91 19.56 59.88 38.94 25.33  
Fe/Mn 11104.53 1369.14 6386.09 2999.91 640.91 325.04 
St Dev 1270.64 81.91 237.77 186.00 9.96  
OrgM 11437.85 1259.76 4674.10 2541.14 374.29 203.02 
St Dev 1306.80 47.99 171.79 273.64 43.74   





 (μg/kg).  Note that there are frequently orders of magnitude differences among the extracted 
fractions. The variability is high with standard deviations often exceeding 10% of the mean. Raw 
data are located in Appendix B. 
Individual Elements 
Figures 5 through 17 depict the data from Table 6 graphically and show average 
concentrations of each metal in each fraction.  Apparent variations can be seen among fractions, 
sediment types, and locations; and, trends in elemental distribution are also seen.  These graphs 
can be used to determine what appear to be significant variations among the samples.   
The mean and standard deviation of Al in the undisturbed and disturbed sediments in the 
four fractions at each of the three locations, Table 6, are illustrated in Figure 5.  Aluminum 




















Sol/Ex 757.33 46.38 2243.28 190.09 108.44 21.28 
St Dev 88.41 8.89 209.43 34.05 6.62  
Carb 990.40 76.01 1379.07 282.07 168.31 20.50 
St Dev 115.02 4.50 60.41 59.97 18.44  
Fe/Mn 2979.61 178.96 1990.37 1086.43 202.07 108.21 
St Dev 340.61 21.54 75.30 213.54 5.79  
OrgM 4965.62 474.81 4113.91 1740.00 673.72 275.28 
St Dev 566.16 12.47 79.75 25.48 89.34   
Zinc 
Sol/Ex 7249.47 98.68 7191.77 789.81 437.09 26.68 
St Dev 859.70 11.48 603.33 150.17 72.68  
Carb 15213.55 1213.19 9377.87 2431.92 1491.18 538.43 
St Dev 1748.95 69.85 335.75 118.05 28.94  
Fe/Mn 35922.97 3067.16 4780.80 2243.86 904.63 278.13 
St Dev 4101.74 230.47 178.47 145.90 26.46  
OrgM 68759.00 6827.69 28168.55 9814.68 3706.28 1375.28 
St Dev 7839.32 129.76 691.36 535.73 23.26  





values for the Sol/Ex fraction disturbed and undisturbed sediments range from 0.8 ppm to 12 
ppm (mg/kg) for the three locations.  Aluminum values for the Carb fraction range from 3 ppm 
to 50 ppm.  The Fe/Mn fraction Al values range from 100 ppm to 1,500 ppm.  OrgM fraction Al 
values range from 150 ppm to 8,000 ppm.   
Disturbed sediments consistently exhibit higher concentrations for all four fractions.  
Aluminum concentration is always the lowest in the Sol/Ex fraction and highest in the OrgM 
fraction for all sediment types and locations.  Elemental distribution for HNC and ATCH are 
similar with some minor variations.  There is less Al in the Carb fraction compared to the Fe/Mn 
fraction for undisturbed sediment than for disturbed sediment for all sediment types.  The Sol/Ex 
and Carb fractions are highest in ATCH disturbed sediment; and, the Fe/Mn and OrgM fractions 
are highest in HNC disturbed sediment.  All four fractions are lowest in Southwest Pass 
undisturbed sediment.  There is little overall variation in the fractions between locations. 
The mean and standard deviation of As in the undisturbed and disturbed sediment are 
illustrated in Figure 6 and Table 6.  Sol/Ex fraction As values range from 30 ppb to 1000 ppb for 
 
Figure 5 – Mean and standard deviation for aluminum for disturbed and undisturbed sediment 







































the three locations.  Carb As mean values range from 0.5 ppm to 12 ppm.  Fe/Mn fraction As 
varies from 0.7 ppm to 250 ppm.  OrgM fraction As values range from 0.5 ppm to 40 ppm. 
Disturbed sediments exhibit higher concentrations in all four fractions but at SWP, the 
difference in concentration is much less pronounced.  Arsenic concentrations are lowest in the 
Sol/Ex fraction for all sediment types but no one fraction has a consistently high concentration. 
As in the Fe/Mn fraction is considerably higher in disturbed sediment at HNC but not for 
undisturbed sediment which was considerably lower by two orders of magnitude.  Unlike the 
other two locations the differences between the four fractions are more variable in the HNC 
disturbed sediment.  Atchafalaya Bay fractions show considerable variation between the Sol/Ex 
and Carb fraction concentrations, but little variation for the Carb and OrgM fraction 
concentrations.  The Sol/Ex fraction is also considerably lower at SWP for both sediment types 
than the Carb and OrgM fractions.   The Carb and OrgM fractions at both ATCH and SWP show 
very little variation. 
The mean and standard deviation of Ba in the undisturbed and disturbed sediments are 
illustrated in Figure 7 and Table 6.  The Sol/Ex fraction Ba values range from 2 ppm to 50 ppm.  
 
Figure 6 – Mean and standard deviation for arsenic for disturbed and undisturbed sediment at 






































The Carb fraction Ba values range from 2 ppm to 75 ppm.  The Fe/Mn fraction Ba values range 
from 1 ppm to 50 ppm.  The OrgM fraction values range from 1 ppm to 80 ppm. 
Disturbed sediment exhibits higher Ba concentrations in most cases, except for SWP 
where concentrations are nearly identical.  No one fraction is consistently high or low at any of 
the locations, but the pattern of distribution is similar at each.  Atchafalaya Delta and HNC 
disturbed sediments show the highest concentrations in the Sol/Ex, Carb, and OrgM fractions.  
The pattern of elemental abundance in the various fractions at both locations is similar between 
disturbed and undisturbed sediment with major differences in overall concentrations between the 
sediment types.  Southwest Pass undisturbed sediment has the lowest Ba compared to other sites 
and disturbed sediment at SWP shows the lowest Ba concentration in the Fe/Mn fractions.  
Undisturbed sediment shows the lowest concentration of Ba in the OrgM fraction.   
The mean and standard deviation of Be in the undisturbed and disturbed sediment are 
illustrated in Figure 8 and Table 6.  The determination of Be was hampered by unaccounted for 
interferences and low peak intensity readings. The only Sol/Ex and Carb fraction values 
 
Figure 7 – Mean and standard deviation for barium in disturbed and undisturbed sediment at 





































measured were in the ATCH disturbed sediment at 35 ppb and 30 ppb, respectively.  The only 
value measured for the Carb fraction was in the HNC disturbed sediment at 30 ppb.  The OrgM 
fraction values range from 30 ppb to 800 ppb.  Due to lack of data further interpretation cannot 
be done. 
The mean and standard deviation of Cd in the undisturbed and disturbed sediment are 
illustrated in Figure 9 and Table 6.  The Sol/Ex fraction values range from 20 ppb to 500 ppb.  
The Carb fraction Cd values range from 20 ppb to 60 ppb.  The Fe/Mn fraction Cd values range 
from 0.1 ppm to 1.4 ppm.  The OrgM fraction Cd values range from 10 ppb to 700 ppb.   
Although data are missing it is possible to make some generalizations regarding Cd 
distribution. The disturbed sediment contains higher Cd than undisturbed sediment.  
Concentrations are highest in the Carb and OrgM fractions for both sediment types at HNC, the 
Sol/Ex, Fe/Mn and OrgM fractions at ATCH, and the Sol/Ex fraction with SWP.  As with Be, 
data with concentrations below 10 ppb are ND and not reported on this graph.  There is a 
considerable difference at Houma HNC between the Fe/Mn and OrgM fractions between 
 
Figure 8 – Mean and standard deviation for beryllium for disturbed and undisturbed sediment 




































disturbed and undisturbed sediment.  Disturbed sediment concentrations in the Fe/Mn and OrgM 
fractions are similar, but in the undisturbed sediment, the OrgM fraction is considerably smaller 
than the Fe/Mn fraction.  Disturbed and undisturbed sediment at ATCH shows similar element 
distribution patterns. The highest concentration is in the Sol/Ex fraction and the lowest in the 
Fe/Mn fraction. 
The mean and standard deviation of Co in the undisturbed and disturbed sediment are 
illustrated in Figure 10 and Table 6.  The Sol/Ex fraction Co values range from 12 ppb to 1500 
ppb.  The Carb fraction Co values range from 10 ppb to 1400 ppb.  The Fe/Mn fraction Co 
ranges from 0.1 ppm to 6 ppm.  The OrgM fraction Co ranges from 0.2 ppm to 100 ppm.   
Concentrations of Co in disturbed sediment are higher than those for undisturbed 
sediment from the three locations.  The highest Co concentrations for the Sol/Ex and Carb 
fractions can be found in ATCH undisturbed sediment.  In undisturbed sediment, the 
concentrations increase continuously from Sol/Ex fraction through the OrgM fraction.  Disturbed 
sediment for ATCH has less Co in the Carb fraction the Sol/Ex fraction, and the Sol/Ex fraction 
 
Figure 9 – Mean and standard deviation for cadmium for disturbed and undisturbed sediment at 





































concentration is nearly identical to the Fe/Mn fraction.  The highest concentrations for the Carb 
and OrgM fractions are at HNC.  Disturbed sediment and undisturbed sediment concentrations 
increase continuously from the Sol/Ex fraction to the OrgM fraction but the difference between 
the Sol/Ex and Carb fractions is greater in undisturbed sediment than for disturbed sediment.  At 
SWP concentrations increase from the Sol/Ex the OrgM fraction in both disturbed and 
undisturbed sediment, however, in undisturbed sediment Co concentration in the Sol/Ex fraction 
is ND and the difference between the Carb and Fe/Mn fractions is considerably greater than that 
in disturbed sediment.   
 Chromium mean abundances in the undisturbed and disturbed sediment are illustrated in 
Figure 11 and Table 6.  The Sol/Ex fraction Cr values range from 0.2 ppm to 3.5 ppm.  The Carb 
fraction Cr values range from 30 ppb to 400 ppb.  The Fe/Mn fraction Cr ranges from 0.15 ppm 
to 6 ppm.  The OrgM fraction Cr ranges from 0.3 ppm to 16 ppm.   
In general, Cr in disturbed sediment is consistently higher than in undisturbed sediment 
except for SWP where they are virtually identical.  The Carb fraction shows the lowest 
 
Figure 10 – Mean and standard deviation for cobalt for disturbed and undisturbed sediment at 






































concentration for each sediment type and at each location.  Both disturbed and undisturbed 
sediment at Houma HNC show highest Cr concentrations in the Fe/Mn and OrgM fractions.  
This is not the same at ATCH where the highest concentrations are the Sol/Ex and OrgM 
fractions for both sediment types.  Southwest Pass shows similar trends.  Disturbed sediment 
shows the highest concentrations in the Fe/Mn and OrgM fractions but undisturbed sediment 
shows the highest concentrations in the Sol/Ex and OrgM fractions, however, the differences are 
minimal.  The OrgM fraction concentrations are highest for all sediments at all locations. 
The mean and standard deviation of Cu in the undisturbed and disturbed sediment are 
illustrated in Figure 12 and Table 6.  The Sol/Ex fraction Cu values range from 40 ppb to 800 
ppb.  Fraction 2 Cu values range from 90 ppb to 900 ppb.  The Fe/Mn fraction Cu ranges from 
0.4 ppm to 18 ppm.  The OrgM fraction Cu ranges from 0.1 ppm to 13 ppm.  
 Concentrations of Cu in disturbed sediment are consistently higher than in undisturbed 
sediment at all locations.  The lowest concentrations are found in the Sol/Ex fraction for both 
sediment types except for ATCH where the Carb fraction shows the lowest concentration for 
 
Figure 11 – Mean and standard deviation for chromium for disturbed and undisturbed sediment 







































both sediment types.  The Fe/Mn and OrgM fractions consistently contain the highest 
concentrations of Cu for both sediment types at all three locations with the Fe/Mn fraction being 
the highest.  However, at HNC there is less difference in concentration between the Fe/Mn and 
OrgM fractions in undisturbed sediment than in disturbed sediment.  This is also seen at ATCH 
between the Carb and Fe/Mn fractions but the concentration differences between the sediment 
types are not as pronounced.  Disturbed and undisturbed sediment at SWP are nearly identical 
except for the large margin of error in the Carb fraction, disturbed sediment.    
The mean and standard deviation of Fe in the undisturbed and disturbed sediment are 
illustrated in Figure 13 and Table 6.  The Sol/Ex fraction Fe values range from 1.0 ppm to 400 
ppm.  The Carb fraction Fe values range from 10 ppm to 225 ppm.  The Fe/Mn fraction Fe 
ranges from 140 ppm to 10,000 ppm.  The OrgM Fe ranges from 200 ppm to 13,000 ppm.  
Disturbed sediment consistently has higher abundances of Fe at all three locations.  The 
Fe/Mn and OrgM fractions show the highest concentrations at all three locations with the OrgM 
fraction consistently the higher.  The Sol/Ex fraction is consistently lowest in concentration with 
 
Figure 12 – Mean and standard deviation for copper for disturbed and undisturbed sediment at 







































the exception of disturbed sediment at ATCH at which the Sol/Ex fraction is marginally higher 
than the Carb fraction.  The difference between the concentration of the Sol/Ex, Carb, and Fe/Mn 
fractions is greater in undisturbed sediment at ATCH than in disturbed sediment from the same 
location.  The highest concentrations for the Sol/Ex and Carb fractions are found in ATCH 
disturbed sediment and the highest concentrations for the Fe/Mn and OrgM fractions are found at 
HNC disturbed sediment.  All the lowest concentrations for the fractions are found in SWP 
undisturbed sediment.   
The mean and standard deviation of Mn in the undisturbed and disturbed sediments in the 
four fractions at each of the three locations are illustrated in Figure 14 and Table 6.  Values for 
the Sol/Ex fraction, disturbed and undisturbed sediments, range from 2 ppm to 150 ppm for the 
three locations.  Values for the Carb fraction range from 20 ppm to 200 ppm.  The Fe/Mn 
fraction values range from 9 ppm to 350 ppm.  The OrgM fraction values range from 5.7 ppm to 
200 ppm.  
 Extractable Mn in the samples from disturbed sites is higher in concentration than 
 
Figure 13 – Mean and standard deviation for iron for disturbed and undisturbed sediment at 






































undisturbed in HNC for all four fractions.  Undisturbed sediments in ATCH show higher 
concentrations in the OrgM fraction than in disturbed sediment. Undisturbed sediment in SWP 
shows higher concentrations in the Fe/Mn and OrgM fractions than in disturbed sediment.  HNC 
sediments show highest and lowest concentrations in the Fe/Mn and Sol/ex fractions respectively 
while the Carb and OrgM fractions are relatively identical.  Atchafalaya Bay undisturbed 
sediment concentrations are highest in the OrgM fraction and lowest in the Sol/Ex fraction.  
Conversely, concentrations in disturbed sediment are highest in the Fe/Mn fraction, and lowest in 
the OrgM fraction with the Sol/Ex, Carb fractions nearly identical.  Southwest Pass samples 
behave differently.  Undisturbed sediment shows the highest concentrations in the Carb and 
Fe/Mn fractions, lowest concentrations in the Sol/Ex and OrgM fractions, with the Sol/Ex 
fraction being the lowest.  Conversely, disturbed sediment has the highest concentrations in the 
Sol/Ex and Carb fractions, lowest in the Fe/Mn and OrgM fractions, with the lowest 
concentration in the Fe/Mn fraction. 
The mean and standard deviation of Pb in the undisturbed and disturbed sediments in the 
four fractions at each of the three locations are illustrated in Figure 15 and Table 6.  Values for 
 
Figure 14 – Mean and standard deviation for manganese for disturbed and undisturbed sediment 






































the Sol/Ex fraction, disturbed and undisturbed sediments, range from 20 ppb to 1700 ppb for the 
three locations.  Values for the Carb fraction range from 50 ppb to 1600 ppb.  The Fe/Mn 
fraction values range from 0.3 ppm to 11 ppm.  The OrgM fraction values range from 0.2 ppm to 
11.5 ppm.  
  Disturbed sediment Pb concentrations are greater in all fractions at all three locations.  
But, at HNC disturbed and undisturbed sediments have identical elemental distribution patterns 
and the main difference between the sediment types are the concentrations.  Disturbed sediment 
at HNC exhibits the highest concentrations for the Fe/Mn and OrgM fractions, and undisturbed 
sediment shows the lowest concentration for the Sol/Ex fraction.  Highest concentrations for the 
Sol/Ex and Carb fractions are in ATCH disturbed sediment.  There is less difference in the 
concentrations of the Sol/Ex and Carb fractions in disturbed sediment than for undisturbed 
sediment.  Disturbed sediment at ATCH shows the highest and lowest concentrations are the 
Fe/Mn and Carb fractions respectively while in the undisturbed sediment highest concentrations 
are still the Fe/Mn fraction but lowest concentrations are the Sol/Ex fraction.  Lowest 
 
Figure 15 – Mean and standard deviation for lead for disturbed and undisturbed sediment at 





































concentrations for the Carb, Fe/Mn and OrgM fractions are found in SWP undisturbed sediment.  
Southwest Pass shows nearly identical distribution patterns between the sediment types with two 
notable exceptions.  The difference between Sol/Ex (lowest), Carb, and Fe/Mn (highest) 
fractions for undisturbed sediment is greater than in disturbed sediment.  
Antimony variations in the undisturbed and disturbed sediments in the four fractions at 
each of the three locations are illustrated in Figure 16 and Table 6.  Values for the Sol/Ex 
fraction, disturbed and undisturbed sediments, range from 20 ppb to 2200 ppb for the three 
locations.  Values for the Carb fraction range from 20 ppb to 1300 ppb.  The Fe/Mn fraction 
values range from 0.1 ppm to 3 ppm.  The OrgM fraction values range from 0.275 ppm to 5 ppm.  
Disturbed Sb concentrations are greater in all fractions at all three locations.  Houma 
Navigation Canal disturbed and undisturbed sediment show nearly identical elemental 
distribution patterns.  Disturbed sediments at HNC show the highest concentrations in the Fe/Mn 
and OrgM fractions.  Highest concentrations for the Sol/Ex and Carb fractions are in ATCH 
disturbed sediment which has the highest concentration in the OrgM fraction and least in the 
 
Figure 16 – Mean and standard deviation for antimony for disturbed and undisturbed sediment at 




































Carb fraction.  Also seen in ATCH disturbed sediment is a decrease in concentration from the 
Sol/Ex and Carb fractions, then subsequent increase to the OrgM fraction.  Undisturbed sediment 
does not show the same pattern.  Lowest concentrations in undisturbed sediment are found in the 
Sol/Ex fraction and increase to the OrgM fraction.  The difference in concentration between the 
Carb and Fe/Mn fractions in disturbed sediment is less than the difference in undisturbed 
sediment. All the lowest concentrations are in SWP undisturbed sediment.  The Sol/Ex and Carb 
fraction concentrations are nearly identical with a considerable increase in concentration for the 
Fe/Mn and OrgM fractions.  This is not seen in the undisturbed sediment.  Concentrations in 
undisturbed sediment increase consistently through the Fe/Mn fraction with a considerable jump 
in concentration for the OrgM fraction. 
The mean and standard deviation of Zn in the undisturbed and disturbed sediments in the 
four fractions at each of the three locations are illustrated in Figure 17 and Table 6.  Values for 
the Sol/Ex fraction, disturbed and undisturbed sediments, range from 25 ppb to 7000 ppb for the 
three locations.  Values for the Carb fraction range from 0.5 ppm to 15 ppm.  The Fe/Mn fraction 
 
Figure 17 – Mean and standard deviation for zinc for disturbed and undisturbed sediment at 





































values range from 0.25 ppm to 36 ppm.  The OrgM fraction values range from 1.3 ppm to 69 
ppm.   
Disturbed sediment Zn concentrations are greater in all fractions at all three locations.  
The highest values are in HNC disturbed sediment with highest concentrations in the OrgM 
fraction and lowest in the Sol/Ex fraction.  The distribution pattern between disturbed and 
undisturbed sediment is similar but the difference between concentrations for the Sol/Ex and 
Carb fractions in undisturbed sediment is considerably greater than for disturbed sediment.   
Atchafalaya Bay sediments show the lowest concentrations in the Fe/Mn fraction for disturbed 
sediment and the Sol/Ex fraction for undisturbed sediment.  Lowest concentrations for all four 
fractions are found in SWP undisturbed sediment.  Fractionation between the two sediments is 
similar, the highest concentrations are Carb and OrgM fractions, with the OrgM fraction the 
highest and the Sol/Ex fraction the lowest.  The difference between the Zn values of the Sol/Ex 
and Carb fractions is considerably lower in disturbed sediment than undisturbed sediment.   
The summary statistics presented above provide preliminary information regarding the 
differing behaviors of the elements. Al, Be, Cr, Co, Fe, Sb, and Zn were most abundant in the 
OrgM fraction.  Cobalt and Fe were also found in the Fe/Mn fraction in high concentration. 
Arsenic, Cu, Pb, and Mn were found primarily in the Fe/Mn fraction, but Pb, and Mn were also 
found in the OrgM fraction in high concentrations. Only Ba, had its highest extractable values in 
the Carb fraction however, Sol/Ex concentrations were also high. Only Cd, appears to be most 
abundant in the Sol/Ex fraction from disturbed sediment.  However, Cd and Be results are 
incomplete due to sample loss. Disturbed and undisturbed sediment results generally displayed 
similar distributions of these metals in all cases.  Exceptions are As disturbed sediment and Ba, 




among the fractions, and between the sediment types as well as the three locations.  More details 
relating fractionation results and their dependence on location and sample type is provided in the 
ANOVA section to follow. 
ANOVA Results  
 The statistical analysis system (SAS) model and output file are located in Appendix C for 
the ANOVA analysis performed.  The analysis results are expressed as least squares mean values 
accompanied with a probability (Pr) value.  Significant values are determined by the Pr>F 
(probability), such that the F–test value (F-value) is not greater than the F-critical value, the 
number which the F-value must exceed to reject the null hypothesis, ie: the lower the probability 
the greater the chance for variability between data.  All probability values <0.05 (5%) are 
statistically significant.  Statistical results below are depicted graphically by fraction and least 
squares mean value.  Statistically significant variation is expressed by the spacing of the least 
squares mean data points on the line graphs, or by heights of the bars.  If the data points are 
coincident, or the bars are similar/identical in height, there is no statistically significant 
difference in those values.  
 The statistical analysis examined significant variances in the data at four levels: a) 
variation among fractions, b) variation among fractions by sediment type, c) variation among 
fractions by location, and d) variation among fractions by sediment type by location.  These four 
levels of variation are discussed below in text and graphically.  Not every element demonstrated 
variation at all levels so representative results are given below for each level of analysis.  All 
graphs have fraction on the x-axis and the least squares mean on the y-axis and probability 
values are displayed at the top of the graph.  To see all the graphs produced from the statistical 




 The null hypothesis underlying this study is that the elemental abundances at all location 
for all fractions and sediment types are homogenous.  Therefore no significant variance exists 
between fractions of elements, sediment types, ie: disturbed or undisturbed sediment, or location, 
HNC, ATCH and SWP, when Pr>0.05.    
Variation among Fractions 
 The graph for Al shows increasing variation through each subsequent fraction, ie. the 
variation between the Fe/Mn fraction and the Sol/Ex fraction is greater than between the Carb 
and Sol/Ex fraction (Figure 18).  The probability of variation among the fractions for Al is less 
than 1% (p=<0.0001) and the null hypothesis was rejected. 
 The graph for As illustrates variation in one fraction but not the others.  Arsenic has 
significant variation between the Sol/Ex fraction and the Carb, Fe/Mn, and OrgM fractions but 
there is no variation between the Carb, Fe/Mn, and OrgM fractions themselves.  This is indicated 
by the identical height of the bars for each fraction (Figure 19).  The probability of variation 
among the fractions for As is less than 1% (p=<0.0001) and the null hypothesis was rejected. 
 
 
Figure 18 – ANOVA Results - Variation among fractions for 

























 The graph for Mn shows variation among all four fractions with one fraction, Carb, 
having greater variation from the three other fractions.  Unlike As the Fe/Mn and OrgM fractions 
are mildly significant from each other and from the Sol/Ex fraction (Figure 20).  The probability 
of variation for Mn is less than 1% (p=<0.0001) and the null hypothesis was rejected. 
Variation among Fractions by Sediment Type 
 The graph for Mn provides a good example of low, moderate, and high variability at each 
fraction by sediment type between disturbed and undisturbed sediment.  The low variability is 
seen for the Carb fraction between the two sediment types.  The Sol/Ex and OrgM fractions have 
 
Figure 19 – ANOVA Results - Variation among fractions for arsenic 
with least squares mean and probability value.  p = probability. 
 
 
Figure 20 – ANOVA Results - Variation among fractions for 














































moderate variation between the two sediment types.  And, the Fe/Mn fraction has high variability 
between the two sediment types (Figure 21).  The probability of variation for Mn among 
fractions by sediment type is less than 1% (p=0.0017) and the null hypothesis was rejected. 
The graph for Sb shows moderate to no variation between sediments types.  The Sol/Ex 
and Carb fractions show moderate variation between the sediment types.  The difference between 
the undisturbed and disturbed sediment is nearly the same for both fractions.  However, for the 
Fe/Mn and OrgM fractions there is essentially no variation shown by the data points, which are 
nearly on top of each other (Figure 22).  However, the probability of variation for Sb among 
fractions by sediment type is nevertheless less than 1% (p=0.0039) and the null hypothesis was 
rejected. 
Variation among Fractions by Location 
 The graph for Ba shows variation by location.  The Sol/Ex fraction shows little variation 
exists at ATCH and there is essentially no variation for HNC and SWP.  There is high variation 
between the three locations in the Carb fraction.  The Fe/Mn fraction shows no variation for 
 
Figure 21 – ANOVA Results - Variation among fractions by sediment type 
for manganese with least squares mean and probability value. p = 

























ATCH and HNC and high variation for SWP.  In the OrgM fraction high variation is seen for 
SWP and moderate variation for ATCH and HNC.  Overall, the greatest variation is seen for 
SWP for three of the four fractions (Figure 23).  The probability of variation for Ba is less than 
1% (p=<0.0001) and the null hypothesis was rejected. 
 The variation by location graph for Cr shows very little variation exhibited for the 
Sol/Ex, Carb, and Fe/Mn fractions.  The Sol/Ex fraction exhibits no variation at any of the three 
locations.  The Carb fraction shows very little variation at SWP.  The Fe/Mn fraction shows the 
locations beginning to have some variation and the OrgM fractions exhibits moderate variation 
primarily for SWP and very little for ATCH and HNC (Figure 24).  The probability of variation 
for Cr is 1.1% (p=0.0110) and the null hypothesis was rejected. 
 The variation graph for Pb by location shows a flip-flop sort of variation.  For the Sol/Ex 
fraction there is moderate variation for HNC and none for ATCH and SWP.  The Carb fraction 
shows low variation for SWP and very little for ATCH and HNC.  The Fe/Mn fraction shows 
moderate variation for ATCH and none for HNC and SWP.  The OrgM fraction shows moderate 
variation for SWP and very little for ATCH and HNC (Figure 25).  The probability of variation 
 
Figure 22 – ANOVA Results - Variation among fractions by sediment type 
for antimony with least squares mean and probability value.  p = probability, 


























for Pb is <1% (p=0.0031) and the null hypothesis was rejected. 
Variation among Fractions by Sediment Type by Location 
 The graph for variation by sediment type and location for Ba shows the most variability 
in the Sol/Ex fraction where disturbed sediment from ATCH has a high degree of variability 
compared to the other groupings.  Disturbed sediments from HNC and SWP show no variability 
and undisturbed HNC and SWP show very little.  Undisturbed ATCH sediment shows a little 
 
Figure 23 – ANOVA Results - Variation among fractions by location for 
barium with least squares mean and probability value.   p = probability, 1= 
Sol/Ex, 2= Carb, 3= Fe/Mn, 4=OrgM. 
 
 
Figure 24 – ANOVA Results - Variation among fractions by location for 
chromium with least squares mean and probability values.  p = probability, 












































more variation.  In the Carb fraction there are two groups of variation.  One group consists of 
undisturbed sediment from ATCH and HNC and disturbed sediment from HNC.  These 
groupings essentially have no variation among them.  The second group, disturbed sediment 
from ATCH and SWP and undisturbed sediment from SWP show little variation among them as 
well.  The Fe/Mn fraction shows low variation in undisturbed ATCH and disturbed SWP, and 
essentially no variation between the other groupings.  There is more even variation in the OrgM 
fraction between all groupings except for disturbed HNC and undisturbed ATCH which have no 
variation (Figure 26).   The probability of variation for Pb is <1% (p=0.00604) and the null 
hypothesis was rejected. 
 The graph for variation by sediment type and location for Ba shows the most variability 
in the Sol/Ex fraction where disturbed sediment from ATCH has a high degree of variability 
compared to the other groupings.  Disturbed sediment from HNC and SWP show no variability 
and undisturbed HNC and SWP show very little.  Undisturbed ATCH sediment shows a little 
more variation.  In the Carb fraction there are two groups of variation.  One group consists of 
undisturbed sediment from ATCH and HNC and disturbed sediment from HNC.  These 
 
Figure 25 – ANOVA Results - Variation among fractions by location for 
lead with least squares mean and probability values.  p = probability, 1= 





























groupings essentially have no variation among them.  The second group, disturbed sediment 
from ATCH and SWP and undisturbed sediment from SWP show little variation among them as 
well.  The Fe/Mn fraction shows low variation in undisturbed ATCH and disturbed SWP, and 
essentially no variation between the other groupings.  There is more even variation in the OrgM 
fraction between all groupings except for disturbed HNC and undisturbed ATCH which have no 
variation (Figure 26).   The probability of variation for Pb is <1% (p=0.00604) and the null 
hypothesis was rejected. 
 The variation by sediment type by location graph for Cr shows essentially no variation in 
the first fraction.  Disturbed sediment from SWP shows moderate variability for the Carb 
fraction.  The Fe/Mn fraction shows essentially no variability and the OrgM fraction shows low 
variability for all groupings except disturbed ATCH and SWP which have no variability (Figure 
27).  The probability of variation for Pb is <1% (p=0.0001) and the null hypothesis was rejected. 
 The graph for variation by sediment type and location for Fe shows two groups for the 
Sol/Ex fraction.  The first group is composed of disturbed ATCH, HNC, and SWP.  Disturbed 
 
Figure 26 – ANOVA Results - Variation among fractions by sediment type by location for 





























ATCH has the most variation.  The second group has undisturbed ATCH, HNC, and SWP which 
have no variation.  For the Carb fraction the undisturbed ATCH has moderate variability while 
the rest have no variability.  The Fe/Mn fraction has two groups with no variation within each 
group, and low variation between the groupings.  The first group is undisturbed ATCH and HNC 
Figure 27 – ANOVA Results – Variation among fractions by sediment type by location for 
chromium with least squares mean and probability value. p= probability, 1= Sol/Ex, 2= Carb, 
3= Fe/Mn, 4=OrgM.  
 
Figure 28 – ANOVA Results – Variation among fractions by sediment type by location for 





























































and disturbed HNC.  The second group has disturbed ATCH and SWP, and undisturbed SWP.  
In the OrgM fraction the two groups come together and exhibit low variability (Figure 28).  The 
probability of variation for Pb is 3.8% (p=0.038) and the null hypothesis was rejected.   
 The above graphs are used to represent the kinds of trends examined in this section and 
are not the complete set of data.  The greatest amount of variation can be seen for all the metals 
at the fraction level.  Overall variation between the two sediment types is less, primarily for Al, 
Co, Mn, Pb, Sb, and Zn.  Significant variation for the metals based on fraction by location is 
even less, primarily for Ba, Cr, Pb, Sb, and Zn.  Significant variation for metals based on fraction 














Discussion and Conclusions 
Elemental Distribution 
 A summary of the statistical results is provided in Table 7.  Elements followed by a 
“Yes” in a category displayed significant variations in most or all of the parameters in that 
category.  If significant variation was not observed then the fraction in which the significance 
was observed is listed.  Data with no statistical differences are indicated with No.  Sections 
containing insufficient data are represented by dashes (---). Differences were significant for 
fraction by sediment type by location for Ba and Fe and in limited respects for Cr.  Variability 
was significant for fractions by location for Ba, Pb, Sb, and Zn with limited results for Cr.  
Significant changes of metals for all fractions by sediment type were seen for Co, Mn, and Pb 
with more limited results for Al, Sb, and Zn.  Cadmium and Co showed no significant variation 
due, in part to lack of useable data.  Metal distribution was significant between fractions with 
limited results for As, Cu, Pb, and Sb.   
 As seen in Figures 4 through 17, disturbed sediment used to create marshland has higher 
metal concentrations for all metals at the three locations.  However statistically significant (95% 
level of confidence) differences in the three locations were only observed for Ba, Cr, and Fe 
which had significant differences by fraction, sediment, and location.  Differences between 
disturbed and undisturbed sediments by fraction were also observed for Al, Co, Mn, Pb, Sb, and 
Zn.  More variation was expected than was seen, especially between the sediment types (largely 
because spoil tends to have more clay than natural sediment).  However, considering the 
depositional environment of the Louisiana coast, there is not much difference between naturally 





The variation in Al seen among the fractions and between the two sediment types indicate 
that despite the differences between fractions, significant differences only exist for the first two 
fractions, Sol/Ex, and Carb.  This supports the estimation that Al would be highly variable in 
varying pH environments in these fractions. The similarity between the Southwest Pass data and 
Table 7 – Summary of ANOVA data.  Sections with no significant statistical 
variance are denoted with a No; no data are denoted by ---, variance in all 
fractions are denoted by a Yes, and significance in only certain fractions are 







Fraction by Sediment 
Type by Location 
Al Yes Sol/Ex and Carb No No 
As Sol/Ex No No No 
Ba Yes No Yes Yes 
Be --- --- --- --- 
Cd --- --- --- --- 
Co Yes Yes No No 
Cr Yes No OrgM OrgM 
Cu Fe/Mn No No No 
Fe Yes No No Yes 
Mn Yes Yes No No 
Pb Fe/Mn Yes Yes No 
Sb OrgM Sol/Ex and Carb Yes No 





the two other locations, HNC, and ARCH, (Figure 5) was unexpected.  Southwest Pass contained 
much more sand and far less clay than the other two locations and therefore should have also 
contained less Al, one of the principal components of clay minerals, than the other two locations.   
Arsenic showed the most limited variation of all the metals, and only in the least 
abundant Sol/Ex fraction.  Figure 6 suggests As concentration does have potential for variation at 
HNC when compared to ATCH and SWP.  An analysis of the graph shows that the pattern of 
elemental distribution at HNC, particularly with the Carb, Fe/Mn, and OrgM fractions, is 
obviously different when compared to the other two locations.  At first glance this would seem to 
indicate a location with significant variation in As concentration.  The ANOVA analysis does not 
support this. 
Barium was one of the three elements to exhibit statistically significant variability for all 
three factors analyzed. Significantly different quantities were usually extracted in the Sol/Ex and 
Carb fractions at all three locations.  This suggests that greater availability is most likely to occur 
in aqueous environments that may have been changed by large amounts of rainfall, or higher 
salinities. Acidic conditions that may be produced by the exposure of anoxic bottom sediments 
would also favor the release of Ba from carbonates and other acid soluble phases such as barite. 
The major source of Ba in the deltaic plain natural and undisturbed sediments may be the barite 
used in drilling mud by the oil industry (Manheim and Hayes, 2002). HNC dredged sediments in 
particular may yield more easily soluble Ba because of this factor.   
 Significant variations in Co and Mn are found between fractions and fraction by sediment 
type (Table 7).  There is no significant variation between the three locations by fraction or 




fraction which was not the case.  Instead the greatest significant variation was found in the OrgM 
(Figures 24 and 25).  Elevated concentrations in the OrgM fraction are cause for concern as Co 
has the potential for increased bioavailability when complexed with organic matter.  The greatest 
Mn variation is in the Carb fraction, but Figure 33 shows that the least variation between the 
fractions by sediment type is seen for the Carb fraction.  This indicates that the even though the 
Carb and Fe/Mn fractions typically contained the highest concentrations in both disturbed and 
undisturbed sediment, (Figure 14) the concentrations themselves were not significantly different 
at any of the three locations. Co and Mn are among the small group of elements to exhibit 
differences between the natural and disturbed sediments indicating their sensitivity to 
environmental change. 
Chromium varies significantly in the OrgM fraction by sediment type by location and 
fraction by location.  Thus, the geographic location and whether the sediment is natural or 
undisturbed make a difference in the potential availability of this element, but only with regard to 
Cr in the organic fraction. Variation is also seen among the other fractions, but the relationships 
are not maintained with respect to sediment type and location.  Significant variation in the OrgM 
fraction was unexpected given the usual affinity of Cr for ionic and reducible complexes.  
Southwest Pass disturbed sediment shows an anomalously high variation in the Carb fraction 
(Figure 28) which was not expected.   
Copper concentrations were higher in the Fe/Mn and OrgM fractions (Figure 12) than 
expected based on its propensity for carbonate complexation above pH 6.  However, high 
concentrations in the OrgM fraction do not pose a concern because Cu has a relatively low 
propensity for bioavailability when complexed to organic matter.  Only the Fe/Mn fraction 




a stronger geochemical affinity for oxides and hydroxides in the environments of the deltaic 
plain. 
Significant variation in Fe can be seen between fractions and by fraction by sediment 
type by location indicating that sediment type is not a factor at each location individually, but 
overall there is an effect when the three locations are compared.  Iron concentrations were 
expected to be highest in the Fe/Mn and OrgM fractions (Figures 30 and 31).  Iron tends to exist 
primarily as oxyhydroxides, hence the lower concentrations for the Sol/Ex and Carb fractions.  
Changes in the Eh and pH between the three environments are most likely the cause of the 
significant variations associated with the geographic locations.  Each location would need further 
analysis to determine the causes of Eh and pH changes and whether or not they have a significant 
effect on Fe availability at each location.   
Lead, just like Cu, exhibits variation in the Fe/Mn fraction when only the extracted 
fractions are compared. However, there were differences between fractions by sediment type and 
fraction by location.  So, local area and sediment type influence Pb distribution, but there is no 
higher level of control based on the fraction-sediment type-location interaction.  Elevated Pb was 
expected in the Fe/Mn and OrgM fractions.  Lead bound to organic matter is a concern given its 
ability to bioaccumulate in both plant and animals, which is better facilitated by complexes with 
organic matter.  
Antimony varied more in the OrgM fraction and fractions by sediment type with the 
greatest variation seen in Sol/Ex and Carb fractions.  Significant variation was also seen in 
fractions by location.  This indicates that the OrgM fraction has the most significant variation of 




Greater variation in the Sol/Ex and Fe/Mn fractions were expected due to an affinity for oxides 
and silicate clays but only the Fe/Mn fraction is consistently high (Figure 16).  Unexpectedly, the 
OrgM fraction has the highest concentration and shows the most variance (Table 7) even though 
Figure 16 does not indicate that the OrgM fraction had much greater concentrations than other 
fractions.  The complexity of the geochemistry of Sb is indicated by the following; Organic 
matter complexed Sb is the most significantly different fraction extracted when only the fractions 
are compared; while Sol/Ex and Carb become significant when fraction and sediment type are 
compared; and all four fractions differ by location. 
Zinc showed significant variation between fractions and in the fractions by location, but 
little between fractions by sediment type.  This indicates there is variation between the three 
locations, and between fractions but sediment type has little influence.  Higher concentrations of 
Zn were expected in the Sol/Ex and OrgM fractions because of its medium mobility and ability 
to form complexes at higher pH with aluminosilicates and humus.   
Analysis Problems 
Difficulties arose during the extraction process that may have had an effect on the results.  
The H2O2 reaction with the organic matter was so energetic that most of the tubes bubbled over 
leading to loss of some of the supernatant.  Other than the loss of analytical data, the problems 
were mostly annoying and use of triplicate analyses made unusual values easier to recognize 
During the first round of extractions the ICP was not functioning properly which led to 
loss of the Sol/Ex and Carb fractions for all replicates from Houma Navigation Canal.  To 
compensate for the loss the remaining samples from each of the replicates were combined and 




Sol/Ex and Carb fractions but eliminated the possibility for statistical analysis.  Another problem 
was clogging of the ICP during analysis leading to machine shut down and loss of time and 
sample.  Clogging was a result of two things, a) crystals forming in the sample while 
refrigerating, and b) Na build-up in the torch and axial window as a result of high Na levels in 
the matrix of fraction 2.  Analyzing the samples in “order”, ie: sample 1 then fractions 1, 2, 3, 4; 
sample 2 then fractions 1, 2, 3, 4, etc. the possibility for error was drastically reduced.  It was 
determined that the sensitivity of the machine may have been too high for the type of analysis 
needed to be performed.  
Interference between wavelengths was of particular concern, especially in the case of Cd.  
The primary wavelength choice for Cd, 214.440 nm, had considerable influence from the 
primary choice for Mn, 257.610 nm.  This was primarily due to the extremely high Mn 
concentrations in all fractions.  Because of this, wavelength 228.802 nm was chosen instead.  
However, interference was still a problem in calculating the concentrations for the Sol/Ex and 
Carb fractions.   
Limitations of Extraction Procedures 
All SEPs include analysis of a residual phase taking into account constituents 
incorporated into the crystal structures of primary and secondary mineral phases.  This phase was 
not analyzed in this study because metals in the residual are not considered biologically 
available. They are not usually released through normal pH, and Eh reactions.   
Other complications that need to be considered are questions regarding the efficacy and 
selectivity of SEP procedures.  Concerns about non-selectivity of the reagents are paramount 




This can cause metals to redistribute among the remaining fractions during the extraction process 
by sorbing to the freshly exposed surfaces thus providing skewed representation of the data 
(Shan and Bin, 1993; Tu et al., 1994; Zimmerman and Weindorf, 2010).  Recent studies have 
been exploring this idea and methods to alleviate some of the questions in SEP results are being 
developed.  Often either model soils composed of natural minerals and humic acid, or the use of 
standard addition of a pure synthetic component to real sediments prior to extraction is utilized 
as a control measure.  Despite improvements, it seems likely that SEPs will remain operationally 
defined because of the extreme complexity of natural materials. 
Model soils investigated by Shan and Bin (1993) indicated that redistribution was 
occurring.  They collected lower quantities of metals for the Sol/Ex, Carb, and Fe/Mn fractions 
than they should have, and more metal in the OrgM and residual fractions.  This was a direct 
indication that as metals were released in the first three fractions they were reattaching to newly 
available sites of the next fraction including the residual fraction.  In their study, Cu, Mn, Ni, Pb, 
V and Zn were collected primarily from the OrgM fraction due to the strong complexes these 
metals tend to form with humic material (Shan and Bin, 1993). The results of this study were not 
reproduced, and Cu, Mn, Pb, and Zn were all highest in the Fe/Mn and OrgM fractions equally.   
X-ray diffraction (XRD) was used to characterize reactivity of silicate clays during the 
extraction process by Ryan et al. (2008).  They examined samples before extraction, between 
each phase of extraction and after extractions were complete and used the data to determine if 
any changes occurred to the soil directly because of the extraction process.  Destruction of the 
octahedral sheet of trioctahedral clays was evident with octahedral Mg-O bonds quite vulnerable 
to hydrolysis.  This led them to conclude that during the first three phases of extraction metals 




coming from the destruction of clay minerals.  Release of metals from structural sites skewed 
results on true bioavailability (Ryan et al., 2008). 
Another study by Kierczak et al. (2008) utilized XRD after the OrgM, Residual and a 
sixth fraction from a modified Tessier procedure.  The mineralogy of the sampled soils varied 
significantly in a short distance, which had an effect on total metal determined from each sample, 
especially between the Sol/Ex and Carb fractions.  They determined that metal type was the main 
factor determining the distribution and redistribution of metals in the Szklary region, Poland.   
Higher metal concentrations observed in the three study locations of this investigation, 
particularly in the organic fraction are likely related to structural differences between natural and 
created marshes as discussed by Edwards and Proffitt (2003), specifically increased percentages 
of clays and humic material in created marshes.  Further research on disturbed and undisturbed 
sediment is necessary to accurately determine behavioral characteristics of spoil with metal 
contaminants in the three locations studied as well as other commonly dredged locations along 
the coast.  The use of spoil in the creation of marshes is not a practice that will become extinct in 
the near future but the environmental consequences of this procedure need to be accurately 
determined for the future sustainability of our coastal ecosystem. 
Conclusions 
There are three major conclusions to be obtained from this investigation. One of the most 
significant findings is the limited elemental variability due to fraction extracted – sediment type 
– geographic location interactions. In the deltaic plain locations there is more internal variability 
among natural and undisturbed sample sites than there is from one location to the next.  The 




sampled sites masks any higher level interaction.  In dredged spoil investigations this 
underscores the need for multiple samples when trying to assess the pollution potential of 
dredging at a particular site. Fractionation procedures did not always produce expected results, 
i.e., the abundance of Al in the organic fraction. The geochemical reactions in marsh sediments 
are complex and difficult to generalize. Lastly, ANOVA provides a superior interpretation of 
elemental abundance variability rather than a simple appraisal of the mean and standard 
deviation. 
Most elements exhibited statistically significant variation in the different extracted 
fractions indicating sensitivity to geochemical affinities that may make them bioavailable under a 
variety of changing conditions, and some metals may be stable in conditions that may increase 
the bioavailability of other metals. Bioavailability cannot be assessed directly from these 
experiments. The results simply illustrate the varying quantities released to solution under the 
different extraction conditions. Presumably the higher the quantity dissolved, the greater its 
bioavailability  
Significant dissolution is limited to only one or two fractions for As, Cu, Pb, and Sb.  
Significant variations by sediment type were limited to Co, Mn, Pb, Sb, and Zn, thus the 
differences in disturbed sample sites have a significant effect on their mobility.  Elements that 
varied by fraction and location were Ba, Pb, Sb, Zn, and Sb, indicating differences in their 
abundance related to their origin in the deltaic plain.  And, the distribution of metals between the 





The results indicate the importance of obtaining multiple samples.  You cannot rely on 
one or two samples to represent the complexity of the reactions occurring in specific regions.  
Dredged samples and undisturbed marsh sediments are not statistically different for most 
locations.  There is only a hint of greater abundance of metals in dredged material because of 
assumed higher concentrations of clay and organic matter.  Predictions of increased 
bioavailability due to an increase in the abundance of an element in a given fraction are not 
reliable because of the heterogeneity of the sample sites.  All future work should incorporate 
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10/29/2008 1 1995 666567 3256746 Organic clay and very wet  
Grabbed handfuls out of ground 
80% cover elephant ear Marsh 
Atchafalaya 
Delta 
10/29/2008 2 1995 666514 3256687 clayey to 6" then more sandy 
but same color 2.5 YR 4/0; 
wetter below 10" 
80% cover bushy 




10/29/2008 3 1995 666546 3256640 very mucky, like pudding (2.5 
YR 4/0), thick rooted layer 
from 4" to bottom of hole, 
water at 8' 





10/29/2008 4 1995 666565 3256597 very mucky (2 YR 4/0) under 
3" of water that comes to 
surface when thick mat of dead 
reeds is cleared, mat is ~6" 
thick. 
30% cover of cattails; 





10/29/2008 5 2007 658184 3253611 very mucky with some sand 
below 8", water at 12", 2.5 YR 
4/0 





10/29/2008 6 2007 658139 3253517 very sandy soil, fine sand (5 
YR 4/2) intermixed with darker 
colored clay (2.5 YR 4/0) 
50% cover Baccharis 





10/29/2008 7 2007 658025 3253579 distinct layers, all sandy; top 
1"=2.5 YR 3/0, 2-5"=7.5 YR 
3/4, 5-10"=2.5 YR 4/0; bottom 
layer is further layered in 
2"(lighter) and 1" (darker) 
intervals 
bare, fresh disposal beach 
Atchafalaya 
Delta 
10/29/2008 8 1985 661479 3258829 very mucky, like pudding 2.5 
YR 4/0 
100% cover cattails with 
few sesbania lining 
waterway, band of 
disticlis and some pea 

















10/29/2008 9 1985 661472 3258813 sandy, well rooted 5 YR 4/4 10% cover, tall oak, 




10/29/2008 10 Natural 661299 3258991 very mucky, 2.5 YR 4/0, water 
at bottom of pit 
50% cover of willow, 
20% cover of baccharis, 





10/29/2008 11 Natural 661280 3259036 very mucky, like pudding, 
water at 10", 2.5 YR 4/0 
30% cover of 
bulltongue, 10% cover 
of cattails, 10% cover of 
bare ground, 20% cover 





4/20/2009 1 1995 666567 3256746 2" of standing water on surface, 
no pit 





4/20/2009 2 1995 666514 3256687 clayey to 6" then more sandy 
but same color 2.5 YR 4/0; 
wetter below 10" 
60% goldenrod, 25% 





4/20/2009 3 1995 666546 3256640 very mucky, like pudding (2.5 
YR 4/0), thick rooted layer 
from 4" to bottom of hole, 
water at 8' 
70% alligator weed, 




4/20/2009 4 1995 666565 3256597 very mucky (2 YR 4/0) under 
3" of water that comes to 
surface when thick mat of dead 
reeds is cleared, mat is ~6" 
thick. 
65% cattails, 15% 





4/20/2009 5 2007 658184 3253611 very mucky with some sand 
below 8", water at 12", 2.5 YR 
4/0 





4/20/2009 6 2007 658139 3253517 very sandy soil, fine sand (10 
YR 4/3) 





4/20/2009 7 2007 658025 3253579 distinct layers, all sandy; top 
1"=2.5 YR 3/0, 2-5"=7.5 YR 
3/4, 5-10"=2.5 YR 4/0; bottom 
layer is further layered in 
2"(lighter) and 1" (darker) 
intervals 















4/20/2009 8 1985 661479 3258829 very mucky, like pudding 2.5 
YR 4/0 
100% cover cattails with 
few sesbania lining 
waterway, band of 
disticlis and some pea 





4/20/2009 9 1985 661472 3258813 sandy, well rooted 5 YR 4/4 10% cover, tall oak, 
baccharis, and rosocane, 




4/20/2009 10 Natural 661299 3258991 compacted clay 50% cover of willow, 
20% cover of baccharis, 










11/12/2008 1 2007 720050 3252003 mucky material (2.5 YR 4/0), 
organic layer at 16" (old marsh 
surface??); 4" of standing water 
at surface 
100% cover cattails, 
very dense undergrowth 





11/12/2008 2 2007 720130 3251947 very heavy clay 2.5 YR 4/0, 
some light mottling evident, 
moderate rooting 





11/12/2008 3 2007 719872 3249799 lighter, sandy layer (5 YR 3/1) 
over dark grey, clay layer (2.5 
YR 4/0) 
100% cover disticlis, sea 




11/12/2008 4 2007 719773 3249690 2 horizons; to 6"=sandy 5 YR 
3/1, slightly banded; 6-
12"=sandy, 2.5 YR 5/0, more 
uniform in appearance 
100% bare ground Upland 
Houma 
Nav Canal 
11/12/2008 5 1995 731987 3231754 very clayey 2.5 YR 4/0, finely 
laminated, rooting to 10" 
50% cover mangrove, 




11/13/2008 6 1995 731929 3231783 clay rich, organic sediment 2.5 
YR 4/0 
100% S. patens Marsh 
Houma 
Nav Canal 
11/13/2008 7 1993 727337 3235349 1" of standing water on surface 
2.5 YR 4/0 















11/13/2008 8 1993 727448 3235439 sandy 5YR 4/4 20% cover rosocane, 









11/13/2008 10 Natural 725972 3236519 Mucky, like chocolate pudding 
2.5 YR 4/0, rooting to 10" (fine 
roots) 
80% disticlis, 10% 









4/27/2009 2 2007 720130 3251947 very heavy clay 2.5 YR 4/0, 
some light mottling evident, 
moderate rooting 





4/27/2009 3 2007 719872 3249799 top 13"=sandy 10 YR 4/3; 
bottom=clay 7.5 YR 2/1 
100% cover Iva, S. 




4/27/2009 4 2007 719773 3249690 top 20"=sandy 7.5 YR 3/0; 
bottom=wet and clayey but 
same color as top 
100% bare ground Upland 
Houma 
Nav Canal 
4/27/2009 5 1995 731987 3231754 no samples, under water 50% cover mangrove, 




4/27/2009 6 1995 731929 3231783 16" of standing water, no pit 100% S. patens Marsh 
Houma 
Nav Canal 
4/27/2009 7 1993 727337 3235349 1" of standing water on surface 
2.5 YR 4/0 
100% S. patens Marsh 
Houma 
Nav Canal 
4/27/2009 8 1993 727448 3235439 sandy 5YR 4/4, water at 20" 60% Ifva, 40% sea oats Upland 
Houma 
Nav Canal 
4/27/2009 9 Natural 726006 3236503 mix of sand and clay 5 YR 4/2 80% S. bigeliva, 20% 





4/27/2009 10 Natural 725972 3236519 Mucky, like chocolate pudding 
2.5 YR 4/0, rooting to 10" (fine 
roots) 





10/15/2008 2 2007 281964 3227800 1 horizon; dredge to 20", sandy, 
5YR 4/4 
100% cover sesbania, 




10/15/2008 3 2007 282695 3228593 1 horizon; sandy 5 YR 3/2 with 
mottles 5 YR 4/3; soil is more 
grey in color and wetter than at 
site 2 

















10/15/2008 4 Natural 281575 3224484 several horizons, 0.5" layering, 
total length with peat borer is 
16"; 2.5 YR 3/0 
100% cover cattails with 
few sesbania linning 
waterway, band of 
disticlis and some pea 





10/16/2008 5 1996 266988 3208488 2 horizons; top=sandy, 6.5" 
thick 10YR 5/2; bottom=sandy 
to base of hole 10 YR 3/1 
Sandy open areas with 
some Spartina patens 




10/16/2008 6 1985 267005 3208509 few horizons of clay above 5" 
(2.5 YR 4/2) then changes to 
organic with no horizons (2.5 
YR 3/0); rooting to bottom  of 
peat borer (16") 





10/16/2008 7 Pre1985 268802 3208721 sandy, highly rooted 2.5 YR 3/0 95% cover sesbania and 








4/14/2009 1 Base 
Station 
281979 3227752 fine sand, uniform top 7", 
rooting to 6", 10 YR 4/3 
20% goldenrod, 20% 





4/14/2009 2 2007 281964 3227800 fine sand, uniform to 14", 10 
YR 3/3 





4/14/2009 3 2007 282695 3228593 top 3"=fine sand 10 YR 4/0; 
bottom=wetter, more clay, 2.5 
YR 3/2, 1" of water collecting 
in bottom of pit 





4/14/2009 4 Natural 281575 3224484 8-10" of standing water so no 
pit 
100% cattails, walked 
through disticlis and 
marsh irises followed by 





4/14/2009 5 1996 266988 3208488 top 10"=fine sand 10 YR 4/2; 
bottom=sandy but with more 
fines and wetter 2.5 YR 2/0, 
water reached at 19" 
sandy rim against water 




















4/14/2009 7 Pre1985 268802 3208721 mottled soil; matrix=sandy 10 
YR 4/3 and mottles are wetter, 
finer sand 2.5 YR 2/3, very 
well rooted 
100% cover disticlis, 
ring with cattails, sea 







4/14/2009 8 Pre1985 281018 3225790 top 6" sandy 10 YR 4/3; 
bottom= finer sand 7.5 YR 4/0, 
water at 13" 
15% marsh iris, 50% 
cattails and sea oats, 5% 




10/15/2008 1 Base 
Station 
281979 3227752 2horizons; top=dredge, ~4" 
thick, 5YR 4/4, sandy texture; 
bottom=sandy to base of hole 
5YR 3/1 
60% cover of disticlis Scrub/Shrub 
Atchafalaya 10/29/2008 2 1995 666514 3256687 clayey to 6" then more sandy 
but same color 2.5 YR 4/0; 
wetter below 10" 
80% cover bushy 
willow, goldenrod, grass 
Upland 
Atchafalaya 10/29/2008 3 1995 666546 3256640 very mucky, like pudding (2.5 
YR 4/0), thick rooted layer 
from 4" to bottom of hole, 
water at 8' 






Appendix B – Raw Data – Houma Navigation Canal  
 Aluminum Arsenic Barium 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
--------------------------------------------------------------------------------------ppb-------------------------------------------------------------------------------------- 
2007 #1 11-12-2008 241.50 1521.78 38950.94 115809.48 9.94 170.77 107.81 229.05 1299.71 2933.59 573.09 288.32 
Duplicate --- --- 7933.47 133507.20 --- --- 138.59 267.28 --- --- 302.82 328.70 
Triplicate --- --- 9905.19 108847.34 --- --- 218.65 290.78 --- --- 516.58 382.61 
total 241.50 1521.78 56789.60 358164.03 9.94 170.77 465.06 787.10 1299.71 2933.59 1392.48 999.62 
mean 241.50 1521.78 18929.87 119388.01 9.94 170.77 155.02 262.37 1299.71 2933.59 464.16 333.21 
st dev --- --- 17366.76 12713.44 --- --- 57.22 31.16 --- --- 142.56 47.31 
2007A #1 4-27-2009 225.40 717.27 24132.56 85783.79 ND 155.72 168.03 218.36 788.59 2641.89 553.46 520.86 
Duplicate --- --- 13301.91 89102.35 --- --- 230.36 260.80 --- --- 493.90 557.56 
Triplicate --- --- 6031.59 52325.56 --- --- 258.70 243.37 --- --- 492.65 937.95 
total 225.40 717.27 43466.06 227211.71 0.00 155.72 657.09 722.53 788.59 2641.89 1540.01 2016.37 
mean 225.40 717.27 14488.69 75737.24 0.00 155.72 219.03 240.84 788.59 2641.89 513.34 672.12 
st dev     9108.65 20342.89 --- --- 46.38 21.33 --- --- 34.75 230.94 
2007A #2 4-27-2009 278.41 2475.68 62257.68 83949.09 16.90 158.24 151.84 101.88 2604.56 2369.98 471.36 649.32 
Duplicate --- --- 26315.98 105958.39 --- --- 163.67 102.04 --- --- 497.14 722.96 
Triplicate --- --- 8264.01 76333.10 --- --- 119.24 155.98 --- --- 763.53 716.11 
total 278.41 2475.68 96837.67 266240.58 16.90 158.24 434.75 359.90 2604.56 2369.98 1732.02 2088.40 
mean 278.41 2475.68 32279.22 88746.86 16.90 158.24 144.92 119.97 2604.56 2369.98 577.34 696.13 
st dev --- --- 27486.35 15384.36 --- --- 23.01 31.19 --- --- 161.75 40.68 
2007A #3 11-12-2008 186.14 2315.71 52204.99 120242.10 12.19 155.99 158.76 111.56 1538.53 3760.75 789.04 1090.29 
Duplicate --- --- 15750.53 142074.54 --- --- 129.32 146.45 --- --- 426.42 889.14 
Triplicate --- --- 8142.94 75538.85 --- --- 127.20 151.21 --- --- 402.95 971.79 
total 186.14 2315.71 76098.46 337855.49 12.19 155.99 415.27 409.22 1538.53 3760.75 1618.41 2951.21 
mean 186.14 2315.71 25366.15 112618.50 12.19 155.99 138.42 136.41 1538.53 3760.75 539.47 983.74 
st dev --- --- 23552.31 33916.65 --- --- 17.64 21.65 --- --- 216.45 101.11 
1995 #3 10-29-2008 545.61 1646.55 39913.75 120699.43 ND 160.53 143.51 169.26 1272.56 1191.40 297.22 456.80 
Duplicate --- --- 6008.00 125355.19 --- --- 230.74 219.27 --- --- 782.13 500.52 
Triplicate --- --- 9861.04 67502.89 --- --- 212.56 189.58 --- --- 695.81 584.21 
total 545.61 1646.55 55782.79 313557.51 0.00 160.53 586.81 578.12 1272.56 1191.40 1775.15 1541.53 
mean 545.61 1646.55 18594.26 104519.17 0.00 160.53 195.60 192.71 1272.56 1191.40 591.72 513.84 





 Aluminum Arsenic Barium 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007B #3 4-27-2009 223.79 849.45 29780.53 81075.94 ND 168.00 153.32 127.89 819.21 2478.82 591.09 967.31 
Duplicate --- --- 5254.55 330.14 --- --- 226.94 192.86 --- --- 737.77 706.06 
Triplicate --- --- 6107.81 53365.06 --- --- 210.44 161.09 --- --- 512.56 1728.00 
total 223.79 849.45 41142.90 134771.14 0.00 168.00 590.71 481.84 819.21 2478.82 1841.42 3401.37 
mean 223.79 849.45 13714.30 44923.71 0.00 168.00 196.90 160.61 819.21 2478.82 613.81 1133.79 
st dev --- --- 13920.30 41029.42 --- --- 38.63 32.49 --- --- 114.31 530.92 
2007B #4 11-12-2008 58.30 1706.62 14119.73 61039.68 ND 198.33 346.90 178.78 1205.38 2319.79 340.77 1137.70 
Duplicate --- --- 5226.33 35252.72 --- --- 331.78 223.65 --- --- 611.11 1355.46 
Triplicate --- --- 3668.92 47196.30 --- --- 245.32 189.17 --- --- 320.81 1755.00 
total 58.30 1706.62 23014.98 143488.69 0.00 198.33 924.00 591.60 1205.38 2319.79 1272.69 4248.17 
mean 58.30 1706.62 7671.66 47829.56 0.00 198.33 308.00 197.20 1205.38 2319.79 424.23 1416.06 
st dev --- --- 5638.22 12905.14 --- --- 54.81 23.49 --- --- 162.15 313.08 
2007B #4 4-27-2009 228.62 1798.96 16133.05 47838.56 ND 170.45 22607.63 10304.72 965.85 2470.85 303.55 804.35 
Duplicate --- --- 9226.06 37279.15 --- --- 169.04 188.91 --- --- 403.93 910.21 
Triplicate --- --- 3514.39 32948.20 --- --- 146.56 182.17 --- --- 468.48 1780.96 
total 228.62 1798.96 28873.51 118065.91 0.00 170.45 22923.23 10675.81 965.85 2470.85 1175.96 3495.52 
mean 228.62 1798.96 9624.50 39355.30 0.00 170.45 7641.08 3558.60 965.85 2470.85 391.99 1165.17 
st dev --- --- 6318.76 7659.21 --- --- 12961.42 5842.31 --- --- 83.11 535.91 
2007B #5 11-12-2008 1492.53 1329.18 13081.52 40215.03 ND 170.76 99365.67 108.48 1608.63 2402.15 272.76 1018.38 
Duplicate --- --- 21643.34 35336.24 --- --- 238.38 171.60 --- --- 775.97 836.36 
Triplicate --- --- 2972.34 32126.16 --- --- 163.27 179.23 --- --- 503.38 1437.68 
total 1492.53 1329.18 37697.20 107677.44 0.00 170.76 99767.31 459.31 1608.63 2402.15 1552.11 3292.42 
mean 1492.53 1329.18 12565.73 35892.48 0.00 170.76 33255.77 153.10 1608.63 2402.15 517.37 1097.47 
st dev --- --- 9346.18 4073.02 --- --- 57252.86 38.83 --- --- 251.90 308.37 
1995 #6 11-13-2008 371.30 710.88 31597.64 113291.27 ND 170.10 120.25 220.06 356.51 1690.54 555.01 350.47 
Duplicate --- --- 15064.25 144326.66 --- --- 221.28 335.60 --- --- 549.98 371.08 
Triplicate --- --- 6712.84 66617.08 --- --- 205.97 233.64 --- --- 790.34 616.02 
total 371.30 710.88 53374.72 324235.01 0.00 170.10 547.50 789.29 356.51 1690.54 1895.34 1337.56 
mean 371.30 710.88 17791.57 108078.34 0.00 170.10 182.50 263.10 356.51 1690.54 631.78 445.85 
st dev --- --- 12664.60 39116.18 --- --- 54.45 63.15 --- --- 137.34 147.73 
1995 #6 4-28-2009 244.65 1112.08 33233.88 90172.79 ND 153.57 121.83 196.92 333.84 1785.75 436.36 291.83 
Duplicate --- --- 11022.56 105307.91 --- --- 235.64 286.46 --- --- 529.58 289.93 
Triplicate --- --- 6272.34 92401.34 --- --- 262.29 256.78 --- --- 629.18 360.26 
total 244.65 1112.08 50528.78 287882.03 0.00 153.57 619.77 740.16 333.84 1785.75 1595.12 942.03 
mean 244.65 1112.08 16842.93 95960.68 0.00 153.57 206.59 246.72 333.84 1785.75 531.71 314.01 





 Aluminum Arsenic Barium 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1995 #7 11-13-2008 580.26 848.91 26105.04 96946.53 ND 156.49 111.95 211.10 615.67 1648.58 442.83 388.36 
Duplicate --- --- 11411.87 105844.83 --- --- 209.55 266.68 --- --- 559.85 386.79 
Triplicate --- --- 6683.76 81309.52 --- --- 188.13 307.04 --- --- 514.27 980.23 
total 580.26 848.91 44200.67 284100.88 0.00 156.49 509.64 784.81 615.67 1648.58 1516.95 1755.38 
mean 580.26 848.91 14733.56 94700.29 0.00 156.49 169.88 261.60 615.67 1648.58 505.65 585.13 
st dev --- --- 10127.77 12420.93 --- --- 51.29 48.17 --- --- 58.99 342.17 
1993 #7 4-28-2009 247.13 668.84 14253.77 105949.43 ND 151.35 214.04 149.48 728.53 2391.14 536.55 824.56 
Duplicate --- --- 5519.34 78481.06 --- --- 210.63 236.49 --- --- 697.84 1137.63 
Triplicate --- --- 6370.29 92930.07 --- --- 221.11 237.30 --- --- 521.54 1107.78 
total 247.13 668.84 26143.40 277360.56 0.00 151.35 645.78 623.26 728.53 2391.14 1755.93 3069.97 
mean 247.13 668.84 8714.47 92453.52 0.00 151.35 215.26 207.75 728.53 2391.14 585.31 1023.32 
st dev --- --- 4816.01 13740.38 --- --- 5.34 50.47 --- --- 97.74 172.78 
1993 #8 4-28-2009 196.47 1551.77 40094.88 117461.83 9.75 157.10 239.90 206.96 1718.67 2245.96 549.01 486.18 
Duplicate --- --- 12991.61 112091.31 --- --- 269.97 219.89 --- --- 493.08 890.55 
Triplicate --- --- 7649.77 89789.82 --- --- 249.36 346.17 --- --- 525.13 454.16 
total 196.47 1551.77 60736.25 319342.96 9.75 157.10 759.22 773.01 1718.67 2245.96 1567.23 1830.89 
mean 196.47 1551.77 20245.42 106447.65 9.75 157.10 253.07 257.67 1718.67 2245.96 522.41 610.30 
st dev --- --- 17396.40 14673.89 --- --- 15.38 76.91 --- --- 28.06 243.23 
1993 #8 11-13-2008 620.06 812.15 22742.78 97005.23 15.87 166.74 283.82 307.12 491.55 1487.39 784.61 317.09 
Duplicate --- --- 6562.91 72405.80 --- --- 255.91 186.72 --- --- 709.16 1182.64 
Triplicate --- --- 6839.53 55739.87 --- --- 187.63 314.52 --- --- 598.08 777.23 
total 620.06 812.15 36145.21 225150.89 15.87 166.74 727.35 808.36 491.55 1487.39 2091.85 2276.95 
mean 620.06 812.15 12048.40 75050.30 15.87 166.74 242.45 269.45 491.55 1487.39 697.28 758.98 
st dev --- --- 9262.63 20759.39 --- --- 49.49 71.74 --- --- 93.83 433.06 
NAT #9 4-28-2009 306.20 715.37 25813.59 80683.20 11.39 156.94 154.10 121.95 627.04 1924.76 481.90 732.14 
Duplicate --- --- 13410.03 95652.95 --- --- 239.69 190.75 --- --- 442.52 557.28 
Triplicate --- --- 3531.87 60271.95 --- --- 184.66 263.47 --- --- 552.16 1698.65 
total 306.20 715.37 42755.49 236608.10 11.39 156.94 578.45 576.17 627.04 1924.76 1476.58 2988.07 
mean 306.20 715.37 14251.83 78869.37 11.39 156.94 192.82 192.06 627.04 1924.76 492.19 996.02 
st dev --- --- 11164.69 17760.10 --- --- 43.37 70.77 --- --- 55.54 614.74 
1993 #10 11-13-2008 330.51 1162.33 20870.51 67860.63 5.66 161.44 231.39 109.87 2416.75 3416.37 687.99 1096.72 
Duplicate --- --- 4222.52 50067.81 --- --- 174.89 178.55 --- --- 742.39 1553.55 
Triplicate --- --- 4324.14 38579.67 --- --- 151.69 161.12 --- --- 385.48 1761.53 
total 330.51 1162.33 29417.17 156508.10 5.66 161.44 557.97 449.54 2416.75 3416.37 1815.86 4411.79 
mean 330.51 1162.33 9805.72 52169.37 5.66 161.44 185.99 149.85 2416.75 3416.37 605.29 1470.60 




   Aluminum Arsenic Barium 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
NAT #10 4-28-2009 122.63 1159.04 29981.68 93396.23 17.48 156.67 150.30 147.53 459.55 1519.68 482.30 590.51 
Duplicate --- --- 5676.45 50709.98 --- --- 196.78 191.86 --- --- 732.61 866.02 
Triplicate --- --- 5870.97 57665.00 --- --- 202.25 247.90 --- --- 516.01 1123.32 
total 122.63 1159.04 41529.10 201771.22 17.48 156.67 549.33 587.29 459.55 1519.68 1730.92 2579.85 
mean 122.63 1159.04 13843.03 67257.07 17.48 156.67 183.11 195.76 459.55 1519.68 576.97 859.95 
st dev --- --- 13976.82 22902.72 --- --- 28.54 50.30 --- --- 135.83 266.46 
NAT #11 11-13-2008 155.15 646.94 22152.43 67922.88 22.12 146.27 158.36 128.69 1263.76 2096.46 520.57 1080.83 
Duplicate --- --- 3771.29 46162.35 --- --- 157.21 178.42 --- --- 804.68 1432.33 
Triplicate --- --- 4003.37 49033.81 --- --- 146.11 242.50 --- --- 469.06 2306.45 
total 155.15 646.94 29927.10 163119.04 22.12 146.27 461.68 549.61 1263.76 2096.46 1794.31 4819.62 
mean 155.15 646.94 9975.70 54373.01 22.12 146.27 153.89 183.20 1263.76 2096.46 598.10 1606.54 
st dev --- --- 10546.00 11822.03 --- --- 6.76 57.06 --- --- 180.75 631.11 
NAT #12 11-13-2008 255.22 899.88 12161.95 79001.49 14.31 162.60 146.23 140.60 822.47 2223.95 452.10 625.48 
Duplicate --- --- 3924.74 43180.53 --- --- 160.69 167.91 --- --- 561.54 848.87 
Triplicate --- --- 3654.87 70325.58 --- --- 142.85 173.52 --- --- 489.17 1746.50 
total 255.22 899.88 19741.57 192507.60 14.31 162.60 449.76 482.04 822.47 2223.95 1502.81 3220.85 
mean 255.22 899.88 6580.52 64169.20 14.31 162.60 149.92 160.68 822.47 2223.95 500.94 1073.62 




 Beryllium Cadmium Cobalt 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007 #1 11-12-2008 ND ND ND ND 27.98 ND 15.41 40.56 37.99 59.92 23.11 93.35 
Duplicate --- --- ND 20.61 --- --- ND 19.22 --- --- 74.94 126.90 
Triplicate --- --- ND 17.30 --- --- ND 19.77 --- --- 51.79 109.02 
total 0.00 0.00 0.00 37.92 27.98 0.00 15.41 79.54 37.99 59.92 149.84 329.26 
mean 0.00 0.00 0.00 18.96 27.98 0.00 15.41 26.51 37.99 59.92 49.95 109.75 
st dev --- --- --- 2.34 --- --- --- 12.17 --- --- 25.97 16.78 
2007A #1 4-27-2009 ND ND ND ND 26.77 ND 20.23 18.12 33.56 71.56 29.16 75.76 
Duplicate --- --- ND 12.92 --- --- ND 44.72 --- --- 101.01 101.40 
Triplicate --- --- ND ND --- --- 9.17 5.84 --- --- 98.12 71.96 
total 0.00 0.00 0.00 12.92 26.77 0.00 29.41 68.68 33.56 71.56 228.29 249.12 
mean 0.00 0.00 0.00 12.92 26.77 0.00 14.70 22.89 33.56 71.56 76.10 83.04 
st dev --- --- --- --- --- --- 7.82 19.87 --- --- 40.67 16.02 
2007A #2 4-27-2009 ND ND ND ND 10.37 ND 50.36 ND 2.72 15.66 78.73 96.54 
Duplicate --- --- ND 16.78 --- --- 16.26 ND --- --- 87.90 111.85 
Triplicate --- --- ND 18.81 --- --- ND ND --- --- 56.88 69.60 
total 0.00 0.00 0.00 35.59 10.37 0.00 66.62 0.00 2.72 15.66 223.50 277.99 
mean 0.00 0.00 0.00 17.79 10.37 0.00 33.31 --- 2.72 15.66 74.50 92.66 
st dev --- --- --- 1.44 --- --- 24.12 --- --- --- 15.94 21.39 
2007A #3 11-12-2008 ND ND ND 16.45 18.07 ND 29.33 ND 17.76 28.58 45.45 50.33 
Duplicate --- --- 16.62 34.49 --- --- ND ND --- --- 42.28 68.71 
Triplicate --- --- ND 20.04 --- --- ND ND --- --- 39.92 53.60 
total 0.00 0.00 16.62 70.99 18.07 0.00 29.33 0.00 17.76 28.58 127.65 172.65 
mean 0.00 0.00 16.62 23.66 18.07 0.00 29.33 --- 17.76 28.58 42.55 57.55 
st dev --- --- --- 9.55 --- --- --- --- --- --- 2.77 9.80 
1995 #3 10-29-2008 ND ND ND ND 9.64 ND 29.25 14.47 13.33 35.70 37.44 71.59 
Duplicate --- --- ND 17.23 --- --- 22.66 ND --- --- 90.45 78.75 
Triplicate --- --- ND 10.05 --- --- 8.67 ND --- --- 61.40 66.55 
total 0.00 0.00 0.00 27.28 9.64 0.00 60.58 14.47 13.33 35.70 189.30 216.89 
mean 0.00 0.00 0.00 13.64 9.64 0.00 20.19 14.47 13.33 35.70 63.10 72.30 
st dev --- --- --- 5.08 --- --- 10.51 --- --- --- 26.55 6.13 
2007B #3 4-27-2009 ND ND ND ND ND ND 25.41 11.08 ND 20.05 40.79 70.07 
Duplicate --- --- ND ND --- --- 10.25 ND --- --- 82.63 89.41 
Triplicate --- --- ND ND --- --- ND ND --- --- 86.38 67.93 
total 0.00 0.00 0.00 0.00 0.00 0.00 35.66 11.08 0.00 20.05 209.80 227.40 
mean 0.00 0.00 0.00 0.00 0.00 0.00 17.83 11.08 0.00 20.05 69.93 75.80 
st dev --- --- --- --- --- --- 10.72 --- --- --- 25.31 11.83 




 Beryllium Cadmium Cobalt 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007B #4 11-12-2008 ND ND ND ND ND 20.15 26.70 14.75 ND 54.18 198.92 114.61 
Duplicate --- --- ND ND --- --- ND ND --- --- 157.18 107.59 
Triplicate --- --- ND ND --- --- ND ND --- --- 114.57 75.56 
total 0.00 0.00 0.00 0.00 0.00 20.15 26.70 14.75 0.00 54.18 470.67 297.76 
mean 0.00 0.00 0.00 0.00 0.00 20.15 26.70 14.75 0.00 54.18 156.89 99.25 
st dev --- --- --- --- --- --- --- --- --- --- 42.18 20.82 
2007B #4 4-27-2009 ND ND ND ND ND ND ND ND 12.23 65.90 ND 1.08 
Duplicate --- --- ND ND --- --- ND ND --- --- 50.02 81.98 
Triplicate --- --- ND ND --- --- ND ND --- --- 35.38 102.09 
total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.23 65.90 85.40 185.15 
mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.23 65.90 42.70 61.72 
st dev --- --- --- --- --- --- --- --- --- --- 10.35 53.47 
2007B #5 11-12-2008 ND ND ND ND ND ND ND ND ND 28.40 21.05 91.17 
Duplicate --- --- ND ND --- --- ND ND --- --- 59.88 70.09 
Triplicate --- --- ND ND --- --- ND ND --- --- 73.90 62.82 
total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 28.40 154.82 224.07 
mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 28.40 51.61 74.69 
st dev --- --- --- --- --- --- --- --- --- --- 27.38 14.73 
1995 #6 11-13-2008 ND ND ND ND 15.73 ND ND 11.09 23.84 43.87 19.11 90.11 
Duplicate --- --- ND 19.70 --- --- ND 10.57 --- --- 44.45 127.39 
Triplicate --- --- ND 9.81 --- --- ND ND --- --- 40.32 67.84 
total 0.00 0.00 0.00 29.51 15.73 0.00 0.00 21.66 23.84 43.87 103.88 285.34 
mean 0.00 0.00 0.00 14.75 15.73 0.00 0.00 10.83 23.84 43.87 34.63 95.11 
st dev --- --- --- 6.99 --- --- --- 0.36 --- --- 13.59 30.09 
1995 #6 4-28-2009 ND ND ND ND 16.40 ND ND 20.14 26.30 54.31 14.04 90.04 
Duplicate --- --- ND 17.86 --- --- ND 13.85 --- --- 54.18 112.69 
Triplicate --- --- ND 16.91 --- --- ND 13.83 --- --- 55.00 102.53 
total 0.00 0.00 0.00 34.78 16.40 0.00 0.00 47.82 26.30 54.31 123.21 305.26 
mean 0.00 0.00 0.00 17.39 16.40 0.00 0.00 15.94 26.30 54.31 41.07 101.75 
st dev --- --- --- 0.67 --- --- --- 3.64 --- --- 23.42 11.34 
1995 #7 11-13-2008 ND ND ND ND 17.91 ND ND 10.87 68.77 32.61 13.65 81.88 
Duplicate --- --- ND 13.43 --- --- ND ND --- --- 29.61 102.28 
Triplicate --- --- ND 10.09 --- --- ND ND --- --- 26.28 83.24 
total 0.00 0.00 0.00 23.52 17.91 0.00 0.00 10.87 68.77 32.61 69.54 267.41 
mean 0.00 0.00 0.00 11.76 17.91 0.00 0.00 10.87 68.77 32.61 23.18 89.14 





 Beryllium Cadmium Cobalt 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1993 #7 4-28-2009 ND ND ND 12.99 25.36 ND 18.88 9.65 47.06 89.59 71.56 66.58 
Duplicate --- --- ND 13.74 --- --- ND ND --- --- 65.14 67.76 
Triplicate --- --- ND 14.59 --- --- ND ND --- --- 54.94 78.48 
total 0.00 0.00 0.00 41.32 25.36 0.00 18.88 9.65 47.06 89.59 191.64 212.81 
mean 0.00 0.00 0.00 13.77 25.36 0.00 18.88 9.65 47.06 89.59 63.88 70.94 
st dev --- --- --- 0.80 --- --- --- --- --- --- 8.38 6.56 
1993 #8 4-28-2009 ND ND ND 13.43 28.31 ND 29.97 17.52 ND 24.57 122.90 85.96 
Duplicate --- --- ND 24.78 --- --- ND ND --- --- 47.75 59.65 
Triplicate --- --- ND 12.61 --- --- ND 12.44 --- --- 40.43 105.38 
total 0.00 0.00 0.00 50.82 28.31 0.00 29.97 29.96 0.00 24.57 211.09 250.99 
mean 0.00 0.00 0.00 16.94 28.31 0.00 29.97 14.98 0.00 24.57 70.36 83.66 
st dev --- --- --- 6.80 --- ---   3.59 --- --- 45.65 22.95 
1993 #8 11-13-2008 ND ND ND 12.86 23.43 ND 29.26 31.06 111.61 46.69 191.19 100.53 
Duplicate --- --- ND 21.82 --- --- ND ND --- --- 43.63 59.29 
Triplicate --- --- ND 9.05 --- --- ND 8.75 --- --- 177.68 66.23 
total 0.00 0.00 0.00 43.73 23.43 0.00 29.26 39.81 111.61 46.69 412.50 226.05 
mean 0.00 0.00 0.00 14.58 23.43 0.00 29.26 19.91 111.61 46.69 137.50 75.35 
st dev --- --- --- 6.55 --- ---   15.77 --- --- 81.57 22.08 
NAT #9 4-28-2009 ND ND ND ND ND ND 18.98 ND ND 21.77 28.37 51.77 
Duplicate --- --- ND 14.45 --- --- ND ND --- --- 64.78 69.75 
Triplicate --- --- ND 11.46 --- --- ND ND --- --- 45.02 81.48 
total 0.00 0.00 0.00 25.91 0.00 0.00 18.98 0.00 0.00 21.77 138.17 203.00 
mean 0.00 0.00 0.00 12.95 0.00 0.00 18.98 0.00 0.00 21.77 46.06 67.67 
st dev --- --- --- 2.11 --- --- --- --- --- --- 18.23 14.96 
1993 #10 11-13-2008 ND ND ND ND 14.62 ND 23.78 ND 11.62 21.10 45.36 49.55 
Duplicate --- --- ND 10.90 --- --- ND ND --- --- 99.75 50.14 
Triplicate --- --- ND ND --- --- ND ND --- --- 76.76 46.47 
total 0.00 0.00 0.00 10.90 14.62 0.00 23.78 0.00 11.62 21.10 221.86 146.16 
mean 0.00 0.00 0.00 10.90 14.62 0.00 23.78 0.00 11.62 21.10 73.95 48.72 
st dev --- --- --- --- --- --- --- --- --- --- 27.30 1.97 
NAT #10 4-28-2009 ND ND ND ND ND ND 18.89 10.26 ND 40.54 28.97 63.54 
Duplicate --- --- ND ND --- --- ND ND --- --- 47.65 58.61 
Triplicate --- --- ND 10.73 --- --- ND ND --- --- 42.69 72.45 
total 0.00 0.00 0.00 10.73 0.00 0.00 18.89 10.26 0.00 40.54 119.32 194.61 
mean 0.00 0.00 0.00 10.73 0.00 0.00 18.89 10.26 0.00 40.54 39.77 64.87 





 Beryllium Cadmium Cobalt 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
NAT #11 11-13-2008 ND ND ND ND ND ND ND ND ND 17.13 38.83 55.36 
Duplicate --- --- ND 9.69 --- --- ND ND --- --- 62.11 63.31 
Triplicate --- --- ND ND --- --- ND ND --- --- 55.41 78.70 
total 0.00 0.00 0.00 9.69 0.00 0.00 0.00 0.00 0.00 17.13 156.35 197.36 
mean 0.00 0.00 0.00 9.69 0.00 0.00 0.00 0.00 0.00 17.13 52.12 65.79 
st dev --- --- --- --- --- --- --- --- --- --- 11.99 11.87 
NAT #12 11-13-2008 ND ND ND ND ND ND ND ND 12.70 59.83 42.66 76.90 
Duplicate --- --- ND ND --- --- ND ND --- --- 26.77 62.99 
Triplicate --- --- ND 9.18 --- --- ND ND --- --- 23.70 90.05 
total 0.00 0.00 0.00 9.18 0.00 0.00 0.00 0.00 12.70 59.83 93.13 229.94 
mean 0.00 0.00 0.00 9.18 0.00 0.00 0.00 0.00 12.70 59.83 31.04 76.65 





 Chromium Copper Iron 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007 #1 11-12-2008 50.46 10.16 93.84 283.66 18.89 26.27 ND 307.13 661.40 1077.73 96627.28 243247.79 
Duplicate --- --- 58.70 284.52 --- --- 45.93 726.35 --- --- 84581.71 279582.99 
Triplicate --- --- 59.29 236.35 --- --- 490.47 223.72 --- --- 56830.77 262328.74 
total 50.46 10.16 211.84 804.53 18.89 26.27 536.40 1257.20 661.40 1077.73 238039.77 785159.53 
mean 50.46 10.16 70.61 268.18 18.89 26.27 268.20 419.07 661.40 1077.73 79346.59 261719.84 
st dev --- --- 20.12 27.57 --- --- 314.34 269.37 --- --- 20408.22 18175.25 
2007A #1 4-27-2009 50.74 11.47 88.05 219.74 16.15 28.77 44.63 78.20 1839.25 1700.60 121617.45 121279.91 
Duplicate --- --- 72.72 220.62 --- --- 181.91 255.61 --- --- 140383.12 133256.00 
Triplicate --- --- 54.96 133.51 --- --- 423.32 32.47 --- --- 99108.84 102083.53 
total 50.74 11.47 215.73 573.86 16.15 28.77 649.86 366.28 1839.25 1700.60 361109.41 356619.45 
mean 50.74 11.47 71.91 191.29 16.15 28.77 216.62 122.09 1839.25 1700.60 120369.80 118873.15 
st dev --- --- 16.56 50.04 --- --- 191.72 117.87 --- --- 20665.41 15724.98 
2007A #2 4-27-2009 55.66 13.92 98.90 173.92 11.65 57.08 14.00 18.89 449.67 3332.66 248268.91 43807.05 
Duplicate --- --- 71.79 157.35 --- --- 417.70 25.93 --- --- 222383.08 57053.03 
Triplicate --- --- 43.96 111.48 --- --- 314.27 28.60 --- --- 57597.17 89228.07 
total 55.66 13.92 214.65 442.74 11.65 57.08 745.97 73.42 449.67 3332.66 528249.16 190088.15 
mean 55.66 13.92 71.55 147.58 11.65 57.08 248.66 24.47 449.67 3332.66 176083.05 63362.72 
st dev --- --- 27.47 32.34 --- --- 209.70 5.01 --- --- 103424.84 23358.65 
2007A #3 11-12-2008 55.49 16.83 92.09 242.56 10.93 42.01 529.87 24.05 178.62 1314.82 165243.55 41743.81 
Duplicate --- --- 60.31 225.90 --- --- 25.69 88.04 --- --- 103090.94 68569.98 
Triplicate --- --- 46.75 128.46 --- --- 488.74 51.31 --- --- 26832.93 94350.74 
total 55.49 16.83 199.15 596.92 10.93 42.01 1044.30 163.40 178.62 1314.82 295167.42 204664.52 
mean 55.49 16.83 66.38 198.97 10.93 42.01 348.10 54.47 178.62 1314.82 98389.14 68221.51 
st dev --- --- 23.27 61.63 --- --- 279.97 32.11 --- --- 69325.00 26305.19 
1995 #3 10-29-2008 57.21 21.46 110.64 225.22 17.40 20.36 40.59 59.08 1459.51 5888.53 166562.99 102729.90 
Duplicate --- --- 56.49 201.94 --- --- 318.41 213.31 --- --- 110743.34 106754.70 
Triplicate --- --- 53.93 113.67 --- --- 299.99 21.55 --- --- 109332.93 94640.38 
total 57.21 21.46 221.06 540.83 17.40 20.36 658.99 293.94 1459.51 5888.53 386639.27 304124.98 
mean 57.21 21.46 73.69 180.28 17.40 20.36 219.66 97.98 1459.51 5888.53 128879.76 101374.99 
st dev --- --- 32.03 58.85 --- --- 155.36 101.63 --- --- 32642.26 6169.77 
2007B #3 4-27-2009 56.38 19.31 95.61 178.16 13.86 20.17 33.11 51.27 619.23 5119.51 146863.91 77944.38 
Duplicate --- --- 96.57 71.85 --- --- 82.78 192.14 --- --- 204228.60 79551.78 
Triplicate --- --- 55.71 103.79 --- --- 300.10 29.80 --- --- 101285.79 108635.24 
total 56.38 19.31 247.90 353.79 13.86 20.17 416.00 273.21 619.23 5119.51 452378.29 266131.41 
mean 56.38 19.31 82.63 117.93 13.86 20.17 138.67 91.07 619.23 5119.51 150792.76 88710.47 
st dev --- --- 23.32 54.55 --- --- 142.00 88.18 --- --- 51583.74 17274.07 





 Chromium Copper Iron 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007B #4 11-12-2008 ND 11.41 78.53 256.32 18.73 35.19 257.93 154.22 16.36 1525.67 143416.88 75598.58 
Duplicate --- --- 55.92 122.32 --- --- 319.98 54.14 --- --- 95664.53 75720.19 
Triplicate --- --- 49.12 86.33 --- --- 280.41 23.65 --- --- 66339.20 93481.45 
total 0.00 11.41 183.56 464.97 18.73 35.19 858.32 232.01 16.36 1525.67 305420.61 244800.21 
mean 0.00 11.41 61.19 154.99 18.73 35.19 286.11 77.34 16.36 1525.67 101806.87 81600.07 
st dev --- --- 15.40 89.58 --- --- 31.41 68.30 --- --- 38904.22 10289.75 
2007B #4 4-27-2009 59.51 9.22 ND ND ND ND ND ND 589.66 9361.49 75941.64 81720.49 
Duplicate --- --- 59.40 71.12 --- --- 9.67 85.97 --- --- 93944.35 62075.67 
Triplicate --- --- 43.85 83.61 --- --- 130.13 50.53 --- --- 55364.93 88675.09 
total 59.51 9.22 103.25 154.73 0.00 0.00 139.80 136.50 589.66 9361.49 225250.92 232471.25 
mean 59.51 9.22 51.63 77.37 0.00 0.00 69.90 68.25 589.66 9361.49 75083.64 77490.42 
st dev --- --- 11.00 8.83 --- --- 85.18 25.05 --- --- 19304.01 13795.01 
2007B #5 11-12-2008 65.63 10.14 68.57 98.96 ND ND ND 33.54 2383.11 4061.01 77188.72 54352.07 
Duplicate --- --- 82.05 69.63 --- --- 14.28 49.65 --- --- 106619.71 49007.46 
Triplicate --- --- 44.33 62.44 --- --- 70.53 6.37 --- --- 52922.32 101656.01 
total 65.63 10.14 194.94 231.04 0.00 0.00 84.81 89.56 2383.11 4061.01 236730.74 205015.54 
mean 65.63 10.14 64.98 77.01 0.00 0.00 42.41 29.85 2383.11 4061.01 78910.25 68338.51 
st dev --- --- 19.11 19.34 --- --- 39.77 21.87 --- --- 26890.06 28977.29 
1995 #6 11-13-2008 62.56 13.17 80.41 264.01 ND ND ND 166.59 2208.71 1356.71 106090.58 203582.88 
Duplicate --- --- 67.73 288.22 --- --- ND 525.02 --- --- 109810.17 229414.81 
Triplicate --- --- 51.62 134.64 --- --- 358.48 61.94 --- --- 63848.41 142333.85 
total 62.56 13.17 199.76 686.87 0.00 0.00 358.48 753.55 2208.71 1356.71 279749.15 575331.55 
mean 62.56 13.17 66.59 228.96 0.00 0.00 358.48 251.18 2208.71 1356.71 93249.72 191777.18 
st dev --- --- 14.43 82.58 --- --- --- 242.85 --- --- 25530.11 44724.76 
1995 #6 4-28-2009 59.76 9.22 83.47 227.85 ND ND ND 234.51 882.63 1602.05 96973.96 295537.83 
Duplicate --- --- 61.13 227.68 --- --- ND 559.87 --- --- 100046.99 287094.08 
Triplicate --- --- 54.72 199.77 --- --- 348.99 362.04 --- --- 77473.40 283765.89 
total 59.76 9.22 199.31 655.31 0.00 0.00 348.99 1156.42 882.63 1602.05 274494.35 866397.81 
mean 59.76 9.22 66.44 218.44 0.00 0.00 348.99 385.47 882.63 1602.05 91498.12 288799.27 
st dev --- --- 15.09 16.16 --- --- --- 163.94 --- --- 12242.57 6068.39 
1995 #7 11-13-2008 57.71 6.46 78.14 237.51 ND ND ND 144.39 1756.64 702.21 87099.78 201151.78 
Duplicate --- --- 56.03 230.18 --- --- 27.73 317.81 --- --- 81446.04 192893.38 
Triplicate --- --- 51.74 184.80 --- --- 249.86 58.37 --- --- 45888.07 178094.25 
total 57.71 6.46 185.91 652.49 0.00 0.00 277.59 520.57 1756.64 702.21 214433.90 572139.41 
mean 57.71 6.46 61.97 217.50 0.00 0.00 138.80 173.52 1756.64 702.21 71477.97 190713.14 
st dev --- --- 14.17 28.55 --- --- 157.07 132.15 --- --- 22341.06 11682.36 





 Chromium Copper Iron 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1993 #7 4-28-2009 62.82 9.07 69.39 221.05 26.42 12.10 41.45 154.55 1190.71 741.31 139566.35 86373.90 
Duplicate --- --- 49.02 174.78 --- --- 429.23 52.01 --- --- 75829.64 107426.97 
Triplicate --- --- 52.37 214.49 --- --- 444.88 37.24 --- --- 73164.39 146870.97 
total 62.82 9.07 170.77 610.32 26.42 12.10 915.56 243.80 1190.71 741.31 288560.38 340671.84 
mean 62.82 9.07 56.92 203.44 26.42 12.10 305.19 81.27 1190.71 741.31 96186.79 113557.28 
st dev --- --- 10.92 25.03 --- --- 228.53 63.90 --- --- 37591.43 30710.90 
1993 #8 4-28-2009 65.89 15.83 94.97 272.65 ND ND 258.93 248.33 54.28 2368.19 201360.05 153110.89 
Duplicate --- --- 64.78 183.57 --- --- 11.19 22.61 --- --- 110358.69 72477.42 
Triplicate --- --- 55.38 217.38 --- --- 364.62 0.20 --- --- 64302.63 263815.26 
total 65.89 15.83 215.13 673.60 0.00 0.00 634.74 271.13 54.28 2368.19 376021.37 489403.57 
mean 65.89 15.83 71.71 224.53 0.00 0.00 211.58 90.38 54.28 2368.19 125340.46 163134.52 
st dev --- --- 20.68 44.97 --- --- 181.41 137.25 --- --- 69746.14 96061.94 
1993 #8 11-13-2008 66.04 9.76 88.06 213.82 ND ND 503.21 492.53 1774.88 1033.26 189987.01 245084.40 
Duplicate --- --- 51.79 110.77 --- --- 374.22 65.37 --- --- 63320.67 97494.88 
Triplicate --- --- 55.45 145.95 --- --- 388.26 56.04 --- --- 54434.04 171252.66 
total 66.04 9.76 195.30 470.54 0.00 0.00 1265.68 613.94 1774.88 1033.26 307741.73 513831.95 
mean 66.04 9.76 65.10 156.85 0.00 0.00 421.89 204.65 1774.88 1033.26 102580.58 171277.32 
st dev --- --- 19.97 52.38 --- --- 70.77 249.35 --- --- 75826.49 73794.76 
NAT #9 4-28-2009 65.31 13.73 81.96 178.84 35.09 71.38 117.37 27.53 118.87 2333.37 143907.77 83780.37 
Duplicate --- --- 69.72 177.08 --- --- 522.15 151.06 --- --- 156544.18 87437.57 
Triplicate --- --- 46.65 125.28 --- --- 655.17 63.27 --- --- 56746.52 143940.47 
total 65.31 13.73 198.32 481.20 35.09 71.38 1294.70 241.85 118.87 2333.37 357198.48 315158.41 
mean 65.31 13.73 66.11 160.40 35.09 71.38 431.57 80.62 118.87 2333.37 119066.16 105052.80 
st dev --- --- 17.93 30.43 --- --- 280.11 63.57 --- --- 54338.96 33727.31 
1993 #10 11-13-2008 63.42 11.59 78.56 143.56 17.89 ND 77.78 10.04 305.87 1744.42 171435.59 67899.26 
Duplicate --- --- 49.44 86.82 --- --- 66.39 43.67 --- --- 58966.39 85659.62 
Triplicate --- --- 48.58 73.50 --- --- 188.04 26.61 --- --- 42184.33 109389.07 
total 63.42 11.59 176.59 303.88 17.89 0.00 332.21 80.32 305.87 1744.42 272586.30 262947.95 
mean 63.42 11.59 58.86 101.29 17.89 0.00 110.74 26.77 305.87 1744.42 90862.10 87649.32 
st dev --- --- 17.07 37.20 --- --- 67.19 16.82 --- --- 70281.39 20816.34 
NAT #10 4-28-2009 65.83 17.20 82.01 198.72 ND ND 12.27 41.79 878.73 7707.76 147037.07 100474.66 
Duplicate --- --- 45.07 83.69 --- --- 48.59 25.69 --- --- 98623.12 86903.24 
Triplicate --- --- 45.96 112.68 --- --- 344.03 21.69 --- --- 89205.24 126146.53 
total 65.83 17.20 173.04 395.09 0.00 0.00 404.89 89.16 878.73 7707.76 334865.42 313524.43 
mean 65.83 17.20 57.68 131.70 0.00 0.00 134.96 29.72 878.73 7707.76 111621.81 104508.14 
st dev --- --- 21.07 59.83 --- --- 181.96 10.64 --- --- 31029.90 19930.14 





 Chromium Copper Iron 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
NAT #11 11-13-2008 68.43 14.48 86.39 157.15 ND ND 57.70 9.23 47.82 1250.11 145787.40 63598.95 
Duplicate --- --- 45.60 87.12 --- --- 158.15 18.31 --- --- 42082.07 76882.05 
Triplicate --- --- 45.60 102.93 --- --- 155.32 19.89 --- --- 34950.77 119314.81 
total 68.43 14.48 177.59 347.20 0.00 0.00 371.17 47.43 47.82 1250.11 222820.23 259795.81 
mean 68.43 14.48 59.20 115.73 0.00 0.00 123.72 15.81 47.82 1250.11 74273.41 86598.60 
st dev --- --- 23.55 36.73 --- --- 57.20 5.76 --- --- 62035.49 29101.08 
NAT #12 11-13-2008 65.21 12.17 65.39 160.72 34.83 21.51 53.50 159.48 1522.60 3157.35 107829.27 80967.60 
Duplicate --- --- 43.75 84.08 --- --- 216.91 10.35 --- --- 53446.69 57867.88 
Triplicate --- --- 41.27 144.89 --- --- 213.73 36.86 --- --- 47657.96 120207.30 
total 65.21 12.17 150.41 389.68 34.83 21.51 484.14 206.69 1522.60 3157.35 208933.92 259042.79 
mean 65.21 12.17 50.14 129.89 34.83 21.51 161.38 68.90 1522.60 3157.35 69644.64 86347.60 





 Manganese Lead Antimony 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007 #1 11-12-2008 7929.55 5699.81 362.30 2628.21 13.95 89.45 ND 104.62 21.82 35.34 ND 60.17 
Duplicate --- --- 4967.61 3451.43 --- --- 65.02 269.98 --- --- 54.97 74.08 
Triplicate --- --- 1604.50 3667.79 --- --- 258.37 72.57 --- --- ND 49.47 
total 7929.55 5699.81 6934.41 9747.43 13.95 89.45 323.39 447.17 21.82 35.34 54.97 183.72 
mean 7929.55 5699.81 2311.47 3249.14 13.95 89.45 161.69 149.06 21.82 35.34 54.97 61.24 
st dev --- --- 2382.66 548.52 --- --- 136.72 105.94 --- --- --- 12.34 
2007A #1 4-27-2009 1709.09 4052.47 1037.87 1181.62 13.19 35.14 26.07 81.15 ND 48.22 13.41 49.73 
Duplicate --- --- 3018.37 1700.46 --- --- 121.60 191.43 --- --- 59.40 67.79 
Triplicate --- --- 2484.19 1638.13 --- --- 235.90 78.04 --- --- 45.93 39.84 
total 1709.09 4052.47 6540.43 4520.22 13.19 35.14 383.57 350.61 0.00 48.22 118.74 157.36 
mean 1709.09 4052.47 2180.14 1506.74 13.19 35.14 127.86 116.87 0.00 48.22 39.58 52.45 
st dev --- --- 1024.66 283.28 --- --- 105.05 64.59 --- --- 23.64 14.17 
2007A #2 4-27-2009 604.53 2358.17 2204.68 994.04 10.24 22.13 117.69 54.78 9.49 ND 46.86 72.53 
Duplicate --- --- 4946.79 1305.10 --- --- 178.44 70.73 --- --- 58.18 82.24 
Triplicate --- --- 4246.82 1575.18 --- --- 138.48 63.17 --- --- 38.70 43.52 
total 604.53 2358.17 11398.29 3874.31 10.24 22.13 434.61 188.68 9.49 0.00 143.74 198.29 
mean 604.53 2358.17 3799.43 1291.44 10.24 22.13 144.87 62.89 9.49 0.00 47.91 66.10 
st dev --- --- 1424.75 290.81 --- --- 30.87 7.98 --- --- 9.78 20.15 
2007A #3 11-12-2008 3185.22 3574.67 2101.29 1092.20 15.37 45.22 107.74 114.28 27.20 10.05 21.49 27.66 
Duplicate --- --- 2416.60 2435.66 --- --- 70.07 218.45 --- --- 81.47 27.53 
Triplicate --- --- 2026.01 1399.66 --- --- 94.85 165.24 --- --- 19.64 24.84 
total 3185.22 3574.67 6543.90 4927.53 15.37 45.22 272.66 497.96 27.20 10.05 122.61 80.03 
mean 3185.22 3574.67 2181.30 1642.51 15.37 45.22 90.89 165.99 27.20 10.05 40.87 26.68 
st dev --- --- 207.22 703.89 --- --- 19.14 52.09 --- --- 35.18 1.59 
1995 #3 10-29-2008 7065.60 12402.92 786.93 1322.63 ND 42.40 33.87 93.95 19.84 ND 18.00 46.09 
Duplicate --- --- 19757.92 1871.97 --- --- 209.31 271.87 --- --- 39.02 42.63 
Triplicate --- --- 6868.30 2038.10 --- --- 233.14 63.88 --- --- 20.80 39.78 
total 7065.60 12402.92 27413.15 5232.70 0.00 42.40 476.32 429.70 19.84 0.00 77.82 128.50 
mean 7065.60 12402.92 9137.72 1744.23 0.00 42.40 158.77 143.23 19.84 0.00 25.94 42.83 
st dev --- --- 9686.97 374.45 --- --- 108.82 112.41 --- --- 11.41 3.16 
2007B #3 4-27-2009 205.09 11280.72 3468.05 1169.31 ND 15.52 27.35 83.82 9.85 ND 21.43 45.96 
Duplicate --- --- 7455.50 2074.91 --- --- 83.35 73.23 --- --- 29.41 61.35 
Triplicate --- --- 18975.92 2499.30 --- --- 194.95 82.63 --- --- 37.71 37.98 
total 205.09 11280.72 29899.47 5743.51 0.00 15.52 305.66 239.68 9.85 0.00 88.55 145.29 
mean 205.09 11280.72 9966.49 1914.50 0.00 15.52 101.89 79.89 9.85 0.00 29.52 48.43 
st dev --- --- 8053.10 679.35 --- --- 85.33 5.80 --- --- 8.14 11.88 





 Manganese Lead Antimony 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007B #4 11-12-2008 ND 5742.18 6451.61 1781.80 ND 22.17 174.41 365.95 29.26 25.16 49.92 84.80 
Duplicate --- --- 5661.27 2045.59 --- --- 250.28 190.97 --- --- 41.45 69.98 
Triplicate --- --- 3918.75 2585.78 --- --- 180.26 54.63 --- --- 75.96 45.86 
total 0.00 5742.18 16031.63 6413.17 0.00 22.17 604.95 611.54 29.26 25.16 167.33 200.64 
mean 0.00 5742.18 5343.88 2137.72 0.00 22.17 201.65 203.85 29.26 25.16 55.78 66.88 
st dev --- --- 1295.92 409.83 --- --- 42.22 156.06 --- --- 17.98 19.65 
2007B #4 4-27-2009 2042.23 7897.05 41.59 12.32 ND 30.17 14.78 ND 20.18 74.77 18.11 96.02 
Duplicate --- --- 3216.11 1638.92 --- --- 43.42 63.75 --- --- 20.33 53.56 
Triplicate --- --- 1912.23 1901.53 --- --- 89.87 137.61 --- --- 12.03 66.13 
total 2042.23 7897.05 5169.94 3552.76 0.00 30.17 148.07 201.36 20.18 74.77 50.48 215.71 
mean 2042.23 7897.05 1723.31 1184.25 0.00 30.17 49.36 100.68 20.18 74.77 16.83 71.90 
st dev --- --- 1595.67 1023.39 --- --- 37.90 52.23 --- --- 4.30 21.81 
2007B #5 11-12-2008 1476.45 6506.51 568.57 652.10 ND 10.17 15.57 35.38 11.83 32.27 24.64 69.77 
Duplicate --- --- 2283.46 1223.20 --- --- 17.80 66.30 --- --- ND 44.78 
Triplicate --- --- 5181.50 1517.95 --- --- 81.84 40.67 --- --- 49.62 39.34 
total 1476.45 6506.51 8033.53 3393.25 0.00 10.17 115.21 142.35 11.83 32.27 74.25 153.89 
mean 1476.45 6506.51 2677.84 1131.08 0.00 10.17 38.40 47.45 11.83 32.27 37.13 51.30 
st dev --- --- 2331.62 440.21 --- --- 37.64 16.54 --- --- 17.66 16.23 
1995 #6 11-13-2008 6181.97 3434.61 258.53 1767.75 ND 75.80 ND 85.35 30.76 49.96 21.14 102.96 
Duplicate --- --- 898.34 2320.06 --- --- 18.58 300.91 --- --- 44.20 63.50 
Triplicate --- --- 614.22 1370.65 --- --- 232.20 46.63 --- --- 42.24 34.71 
total 6181.97 3434.61 1771.09 5458.46 0.00 75.80 250.79 432.89 30.76 49.96 107.58 201.17 
mean 6181.97 3434.61 590.36 1819.49 0.00 75.80 125.39 144.30 30.76 49.96 35.86 67.06 
st dev --- --- 320.57 476.82 --- --- 151.05 137.01 --- --- 12.79 34.27 
1995 #6 4-28-2009 7872.14 7064.18 365.03 2503.17 5.84 55.27 ND 95.14 34.32 61.51 16.58 97.72 
Duplicate --- --- 2401.79 3184.27 --- --- ND 75.46 --- --- ND 51.82 
Triplicate --- --- 2055.21 3415.20 --- --- 255.71 67.62 --- --- 10.43 45.29 
total 7872.14 7064.18 4822.03 9102.65 5.84 55.27 255.71 238.21 34.32 61.51 27.01 194.83 
mean 7872.14 7064.18 1607.34 3034.22 5.84 55.27 255.71 79.40 34.32 61.51 13.50 64.94 
st dev --- --- 1089.74 474.17 --- --- --- 14.18 --- --- 4.35 28.58 
1995 #7 11-13-2008 2857.89 721.27 189.65 1708.14 12.83 68.86 ND 84.82 79.40 37.12 16.44 92.58 
Duplicate --- --- 339.76 1880.19 --- --- 36.70 232.20 --- --- 29.99 52.37 
Triplicate --- --- 207.00 1595.07 --- --- 178.75 119.69 --- --- 26.25 41.87 
total 2857.89 721.27 736.40 5183.40 12.83 68.86 215.45 436.71 79.40 37.12 72.68 186.83 
mean 2857.89 721.27 245.47 1727.80 12.83 68.86 107.73 145.57 79.40 37.12 24.23 62.28 
st dev --- --- 82.11 143.58 --- --- 100.45 77.03 --- --- 7.00 26.76 





 Manganese Lead Antimony 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1993 #7 4-28-2009 1705.05 2404.83 1330.73 1328.59 14.72 39.96 73.58 155.99 15.29 61.68 31.87 39.78 
Duplicate --- --- 781.10 1450.60 --- --- 230.49 110.94 --- --- 20.72 36.32 
Triplicate --- --- 532.49 1839.46 --- --- 225.06 196.62 --- --- 9.74 39.57 
total 1705.05 2404.83 2644.32 4618.65 14.72 39.96 529.12 463.55 15.29 61.68 62.33 115.66 
mean 1705.05 2404.83 881.44 1539.55 14.72 39.96 176.37 154.52 15.29 61.68 20.78 38.55 
st dev --- --- 408.47 266.80 --- --- 89.07 42.86 --- --- 11.06 1.94 
1993 #8 4-28-2009 1875.09 3126.99 6446.07 1578.29 10.80 ND 171.86 171.86 10.85 28.81 90.40 53.17 
Duplicate --- --- 1312.94 1550.42 --- --- 41.31 135.79 --- --- 6.47 22.88 
Triplicate --- --- 855.85 3156.61 --- --- 204.76 93.55 --- --- 3.58 47.23 
total 1875.09 3126.99 8614.86 6285.32 10.80 0.00 417.93 401.20 10.85 28.81 100.44 123.27 
mean 1875.09 3126.99 2871.62 2095.11 10.80 0.00 139.31 133.73 10.85 28.81 33.48 41.09 
st dev --- --- 3103.99 919.40 --- --- 86.45 39.19 --- --- 49.31 16.05 
1993 #8 11-13-2008 10627.47 2995.43 11312.57 2745.06 35.66 65.68 223.28 223.28 58.58 30.31 31.40 60.53 
Duplicate --- --- 1005.40 3203.48 --- --- 205.18 95.09 --- --- ND 25.71 
Triplicate --- --- 9795.97 1747.63 --- --- 150.03 89.60 --- --- 69.18 32.99 
total 10627.47 2995.43 22113.94 7696.17 35.66 65.68 578.49 407.97 58.58 30.31 100.59 119.23 
mean 10627.47 2995.43 7371.31 2565.39 35.66 65.68 192.83 135.99 58.58 30.31 50.29 39.74 
st dev --- --- 5564.95 744.37 --- --- 38.16 75.64 --- --- 26.72 18.36 
NAT #9 4-28-2009 129.34 3599.22 1103.74 1027.72 9.41 15.48 44.12 71.11 ND 25.10 12.15 30.85 
Duplicate --- --- 2981.21 1440.57 --- --- 150.93 136.44 --- --- 17.05 34.17 
Triplicate --- --- 2360.52 2157.13 --- --- 99.48 175.90 --- --- ND 43.66 
total 129.34 3599.22 6445.47 4625.42 9.41 15.48 294.53 383.45 0.00 25.10 29.20 108.69 
mean 129.34 3599.22 2148.49 1541.81 9.41 15.48 98.18 127.82 0.00 25.10 14.60 36.23 
st dev --- --- 956.52 571.47 --- --- 53.41 52.93     3.46 6.65 
1993 #10 11-13-2008 2396.23 3054.85 2597.83 893.09 13.74 ND 77.76 69.67 ND ND 26.17 31.10 
Duplicate --- --- 7434.37 1576.33 --- --- 91.86 58.04 --- --- 55.89 24.56 
Triplicate --- --- 5002.64 1512.24 --- --- 70.72 101.64 --- --- 38.64 22.73 
total 2396.23 3054.85 15034.85 3981.67 13.74 0.00 240.34 229.34 0.00 0.00 120.70 78.38 
mean 2396.23 3054.85 5011.62 1327.22 13.74 0.00 80.11 76.45 0.00 0.00 40.23 26.13 
st dev --- --- 2418.28 377.33 --- --- 10.77 22.58 --- --- 14.93 4.40 
NAT #10 4-28-2009 1191.81 7407.93 853.71 1215.63 ND 25.64 25.85 88.15 9.90 14.25 12.36 39.01 
Duplicate --- --- 3202.52 1704.72 --- --- 194.43 73.36 --- --- 11.33 32.96 
Triplicate --- --- 2798.36 2276.77 --- --- 178.28 134.15 --- --- ND 38.53 
total 1191.81 7407.93 6854.59 5197.13 0.00 25.64 398.56 295.66 9.90 14.25 23.68 110.50 
mean 1191.81 7407.93 2284.86 1732.38 0.00 25.64 132.85 98.55 9.90 14.25 11.84 36.83 
st dev --- --- 1255.78 531.11 --- --- 93.02 31.70 --- --- 0.73 3.37 





 Manganese Lead Antimony 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
NAT #11 11-13-2008 2190.75 4486.30 2128.41 914.01 ND 14.56 68.49 57.83 15.84 18.57 22.87 38.30 
Duplicate --- --- 5791.91 1708.98 --- --- 96.84 82.04 --- --- 26.13 36.92 
Triplicate --- --- 4439.23 2260.69 --- --- 87.12 168.22 --- --- 18.33 44.44 
total 2190.75 4486.30 12359.55 4883.68 0.00 14.56 252.46 308.09 15.84 18.57 67.33 119.66 
mean 2190.75 4486.30 4119.85 1627.89 0.00 14.56 84.15 102.70 15.84 18.57 22.44 39.89 
st dev --- --- 1852.52 676.99 --- --- 14.41 58.02 --- --- 3.92 4.01 
NAT #12 11-13-2008 1760.67 4534.22 1053.42 1255.29 14.40 56.38 52.42 149.99 20.63 18.09 10.77 50.06 
Duplicate --- --- 549.62 922.57 --- --- 224.98 35.85 --- --- 23.76 35.57 
Triplicate --- --- 522.15 1555.43 --- --- 146.20 86.71 --- --- 24.22 50.33 
total 1760.67 4534.22 2125.18 3733.29 14.40 56.38 423.60 272.55 20.63 18.09 58.75 135.96 
mean 1760.67 4534.22 708.39 1244.43 14.40 56.38 141.20 90.85 20.63 18.09 19.58 45.32 






 F 1 F2 F3 F4 
---------------------------------------------ppb---------------------------------------- 
2007 #1 11-12-2008 355.32 988.33 220.37 961.36 
Duplicate --- --- 188.63 1450.60 
Triplicate --- --- 651.53 1201.38 
total 355.32 988.33 1060.53 3613.35 
mean 355.32 988.33 353.51 1204.45 
st dev --- --- 258.58 244.64 
2007A #1 4-27-2009 190.96 624.88 228.56 596.94 
Duplicate --- --- 482.74 1100.89 
Triplicate --- --- 567.48 782.01 
total 190.96 624.88 1278.78 2479.84 
mean 190.96 624.88 426.26 826.61 
st dev --- --- 176.38 254.92 
2007A #2 4-27-2009 33.14 71.93 443.75 469.30 
Duplicate --- --- 143.36 740.85 
Triplicate --- --- 59.68 463.69 
total 33.14 71.93 646.79 1673.84 
mean 33.14 71.93 215.60 557.95 
st dev --- --- 201.97 158.43 
2007A #3 11-12-2008 287.34 216.58 361.36 362.80 
Duplicate --- --- 136.74 547.89 
Triplicate --- --- 158.22 395.57 
total 287.34 216.58 656.32 1306.25 
mean 287.34 216.58 218.77 435.42 
st dev --- --- 123.95 98.77 
1995 #3 10-29-2008 40.98 369.67 344.91 582.74 
Duplicate --- --- 556.74 753.97 
Triplicate --- --- 315.35 551.53 
total 40.98 369.67 1217.00 1888.23 
mean 40.98 369.67 405.67 629.41 
st dev --- --- 131.67 108.99 
2007B #3 4-27-2009 14.41 494.75 361.79 496.25 
Duplicate --- --- 513.87 658.00 
Triplicate --- --- 537.36 616.65 
total 14.41 494.75 1413.02 1770.90 
mean 14.41 494.75 471.01 590.30 
st dev --- --- 95.31 84.03 






 F 1 F2 F3 F4 
---------------------------------------------ppb---------------------------------------- 
2007B #4 11-12-2008 89.34 986.36 810.48 1014.68 
Duplicate --- --- 661.04 814.18 
Triplicate --- --- 511.65 663.38 
total 89.34 986.36 1983.17 2492.25 
mean 89.34 986.36 661.06 830.75 
st dev --- --- 149.42 176.24 
2007B #4 4-27-2009 48.39 478.68 22.71 469.58 
Duplicate --- --- 240.45 588.52 
Triplicate --- --- 195.45 678.63 
total 48.39 478.68 458.61 1736.72 
mean 48.39 478.68 152.87 578.91 
st dev --- --- 114.95 104.86 
2007B #5 11-12-2008 22.57 263.56 568.57 394.41 
Duplicate --- --- 797.90 518.25 
Triplicate --- --- 181.05 465.81 
total 22.57 263.56 1547.52 1378.47 
mean 22.57 263.56 515.84 459.49 
st dev --- --- 311.78 62.16 
1995 #6 11-13-2008 134.88 390.69 258.53 741.42 
Duplicate --- --- 495.27 1277.47 
Triplicate --- --- 392.97 624.02 
total 134.88 390.69 1146.78 2642.90 
mean 134.88 390.69 382.26 880.97 
st dev --- --- 118.73 348.36 
1995 #6 4-28-2009 139.35 496.18 365.03 697.67 
Duplicate --- --- 454.78 1100.28 
Triplicate --- --- 407.53 1003.82 
total 139.35 496.18 1227.34 2801.77 
mean 139.35 496.18 409.11 933.92 
st dev --- --- 44.90 210.21 
1995 #7 11-13-2008 320.36 342.95 189.65 607.71 
Duplicate --- --- 239.21 895.37 
Triplicate --- --- 268.30 611.77 
total 320.36 342.95 697.16 2114.85 
mean 320.36 342.95 232.39 704.95 
st dev --- --- 39.76 164.92 






 F 1 F2 F3 F4 
---------------------------------------------ppb---------------------------------------- 
1993 #7 4-28-2009 458.06 833.69 481.56 723.63 
Duplicate --- --- 394.35 785.81 
Triplicate --- --- 482.04 704.28 
total 458.06 833.69 1357.95 2213.72 
mean 458.06 833.69 452.65 737.91 
st dev --- --- 50.49 42.60 
1993 #8 4-28-2009 440.44 275.13 590.51 891.44 
Duplicate --- --- 321.38 806.74 
Triplicate --- --- 313.28 897.27 
total 440.44 275.13 1225.17 2595.45 
mean 440.44 275.13 408.39 865.15 
st dev --- --- 157.77 50.67 
1993 #8 11-13-2008 985.39 518.50 695.85 898.00 
Duplicate --- --- 270.41 739.47 
Triplicate --- --- 294.61 521.74 
total 985.39 518.50 1260.87 2159.20 
mean 985.39 518.50 420.29 719.73 
st dev --- --- 238.95 188.90 
NAT #9 4-28-2009 14.13 278.29 303.24 396.70 
Duplicate --- --- 463.54 697.26 
Triplicate --- --- 226.38 675.27 
total 14.13 278.29 993.15 1769.23 
mean 14.13 278.29 331.05 589.74 
st dev     121.00 167.54 
1993 #10 11-13-2008 63.79 254.91 333.77 452.63 
Duplicate --- --- 201.70 585.44 
Triplicate --- --- 248.98 473.68 
total 63.79 254.91 784.46 1511.76 
mean 63.79 254.91 261.49 503.92 
st dev --- --- 66.92 71.38 
NAT #10 4-28-2009 16.51 359.41 283.56 505.32 
Duplicate --- --- 275.41 505.62 
Triplicate --- --- 365.34 541.68 
total 16.51 359.41 924.31 1552.62 
mean 16.51 359.41 308.10 517.54 
st dev --- --- 49.74 20.91 






 F 1 F2 F3 F4 
---------------------------------------------ppb---------------------------------------- 
NAT #11 11-13-2008 29.39 215.71 243.47 439.93 
Duplicate --- --- 165.13 564.71 
Triplicate --- --- 235.59 651.88 
total 29.39 215.71 644.19 1656.52 
mean 29.39 215.71 214.73 552.17 
st dev --- --- 43.13 106.53 
NAT #12 11-13-2008 38.65 359.78 191.91 657.78 
Duplicate --- --- 151.96 491.48 
Triplicate --- --- 161.65 700.06 
total 38.65 359.78 505.52 1849.32 
mean 38.65 359.78 168.51 616.44 






Raw Data – Atchafalaya Delta  
 Aluminum Arsenic Barium 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
--------------------------------------------------------------------------------------ppb-------------------------------------------------------------------------------------- 
1995 #1 4/20/09 233.71 831.42 13225.22 126811.81 16.26 235.67 212.71 276.52 1754.81 2083.42 938.91 817.49 
Duplicate 568.16 2553.77 12501.77 131947.61 15.95 147.52 145.17 171.72 1902.44 2350.77 945.02 845.67 
Triplicate 424.56 1292.52 11863.15 124171.91 18.09 247.60 258.09 229.70 1771.60 2453.08 1121.51 761.68 
total 1226.43 4677.71 37590.14 382931.33 50.30 630.79 615.97 677.94 5428.85 6887.26 3005.44 2424.83 
mean 408.81 1559.24 12530.05 127643.78 16.77 210.26 205.32 225.98 1809.62 2295.75 1001.81 808.28 
st dev 167.78 891.62 681.48 3954.05 1.16 54.66 56.82 52.50 80.82 190.87 103.71 42.75 
1995 #1 10/29/08 3394.19 1762.25 11161.59 113345.49 12.74 232.63 231.30 291.43 483.96 2162.99 958.30 839.34 
Duplicate 4374.60 3280.73 11731.58 114474.40 12.00 154.79 192.64 199.12 501.07 2525.40 1168.41 822.94 
Triplicate 3229.46 2117.35 11007.46 108702.02 15.79 260.66 291.87 254.80 460.42 2382.19 1401.35 671.55 
total 10998.24 7160.34 33900.63 336521.91 40.53 648.07 715.81 745.35 1445.44 7070.57 3528.06 2333.84 
mean 3666.08 2386.78 11300.21 112173.97 13.51 216.02 238.60 248.45 481.81 2356.86 1176.02 777.95 
st dev 619.10 794.29 381.44 3059.32 2.00 54.85 50.02 46.48 20.41 182.53 221.62 92.50 
1995 #2 10/29/08 86.95 279.12 668.48 19811.16 21.23 235.46 157.70 220.25 352.90 125.36 60.18 320.30 
Duplicate 971.51 794.41 1078.56 21136.64 ND 175.46 80.09 107.33 668.79 345.02 52.99 277.31 
Triplicate 565.29 582.75 847.86 18255.83 ND 263.36 189.35 186.02 672.30 419.15 51.58 323.25 
total 1623.75 1656.28 2594.90 59203.63 21.23 674.28 427.14 513.60 1693.98 889.53 164.75 920.86 
mean 541.25 552.09 864.97 19734.54 21.23 224.76 142.38 171.20 564.66 296.51 54.92 306.95 
st dev 442.77 259.01 205.58 1441.94 --- 44.91 56.22 57.90 183.40 152.78 4.62 25.71 
1995 #2 4/20/09 146.52 206.17 4544.61 65257.33 ND 223.83 207.12 249.88 1088.17 1336.97 858.84 706.98 
Duplicate 236.04 1608.97 6037.89 77121.46 ND 170.88 155.09 152.61 1214.45 1456.76 981.11 724.74 
Triplicate 213.06 464.04 5033.71 70265.96 23.82 277.58 265.84 263.83 1218.94 1582.81 1019.29 749.06 
total 595.62 2279.19 15616.21 212644.75 23.82 672.30 628.05 666.33 3521.56 4376.55 2859.23 2180.78 
mean 198.54 759.73 5205.40 70881.58 23.82 224.10 209.35 222.11 1173.85 1458.85 953.08 726.93 
st dev 46.49 746.68 761.30 5955.97 --- 53.35 55.40 60.59 74.24 122.93 83.82 21.12 
1995 #3 4/20/09 235.94 11.89 7852.27 96590.46 11.63 221.72 226.74 251.53 1213.61 1591.47 861.77 647.64 
Duplicate 786.43 818.05 9517.34 119362.25 12.60 163.81 170.97 170.29 1352.37 1725.50 871.78 696.53 
Triplicate 205.54 480.07 8324.39 109613.84 30.56 259.74 262.58 280.54 1330.28 1789.18 928.99 735.38 
total 1227.91 1310.01 25694.00 325566.55 54.80 645.27 660.29 702.36 3896.26 5106.15 2662.55 2079.55 
mean 409.30 436.67 8564.67 108522.18 18.27 215.09 220.10 234.12 1298.75 1702.05 887.52 693.18 





 Aluminum Arsenic Barium 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1995 #4 10/29/08 314.52 615.87 9838.95 89238.55 5.18 213.26 207.76 205.49 1345.20 2384.58 983.26 554.76 
Duplicate 897.93 1983.09 11942.90 132678.47 3.39 166.67 165.46 184.03 1488.81 2652.85 1226.86 692.84 
Triplicate 350.36 1240.13 10470.68 120761.83 5.59 273.14 261.00 294.09 1469.73 2701.47 1173.68 615.30 
total 1562.81 3839.09 32252.54 342678.85 14.16 653.07 634.22 683.61 4303.74 7738.90 3383.80 1862.91 
mean 520.94 1279.70 10750.85 114226.28 4.72 217.69 211.41 227.87 1434.58 2579.63 1127.93 620.97 
st dev 326.98 684.47 1079.59 22445.30 1.17 53.37 47.88 58.35 77.99 170.66 128.08 69.21 
1995 #4 4/20/09 3770.14 1653.32 10886.91 103625.59 ND 178.78 204.23 180.63 858.74 2518.56 624.18 573.03 
Duplicate 4128.71 2155.24 11645.33 132181.17 ND 179.37 174.35 154.34 888.51 2617.58 1181.32 769.94 
Triplicate 3571.93 1851.63 12117.13 133743.20 17.13 231.80 248.57 240.41 927.57 2761.88 1367.36 657.03 
total 11470.78 5660.20 34649.37 369549.96 17.13 589.94 627.15 575.38 2674.82 7898.02 3172.85 2000.00 
mean 3823.59 1886.73 11549.79 123183.32 17.13 196.65 209.05 191.79 891.61 2632.67 1057.62 666.67 
st dev 282.21 252.79 620.65 16955.49 --- 30.44 37.34 44.11 34.52 122.36 386.72 98.81 
2007 #5 10/29/08 104.77 773.92 3025.50 42640.89 ND 219.83 184.56 346.21 724.81 809.55 243.42 590.91 
Duplicate 619.78 1904.00 2588.94 36674.22 ND 179.60 109.62 121.80 931.04 895.75 158.94 653.75 
Triplicate 41.96 676.21 2304.26 38328.67 ND 231.45 176.81 205.85 958.73 1041.63 224.20 583.62 
total 766.52 3354.12 7918.70 117643.78 0.00 630.88 471.00 673.86 2614.57 2746.94 626.56 1828.28 
mean 255.51 1118.04 2639.57 39214.59 0.00 210.29 157.00 224.62 871.52 915.65 208.85 609.43 
st dev 317.03 682.41 363.28 3080.41 --- 27.21 41.21 113.37 127.81 117.31 44.28 38.56 
2007 #5 4/20/09 146.37 522.81 5204.86 74273.56 23.44 367.12 260.86 377.17 1647.16 198.21 602.59 732.22 
Duplicate 495.72 1026.19 4275.21 61700.73 ND 190.19 141.36 132.43 1608.27 1868.09 446.44 633.67 
Triplicate 36.09 364.73 4107.95 65260.39 ND 244.35 208.03 229.29 1319.52 2161.44 547.16 638.67 
total 678.19 1913.74 13588.02 201234.67 23.44 801.66 610.25 738.89 4574.94 4227.74 1596.19 2004.56 
mean 226.06 637.91 4529.34 67078.22 23.44 267.22 203.42 246.30 1524.98 1409.25 532.06 668.19 
st dev 239.95 345.42 590.96 6480.54 --- 90.65 59.88 123.26 179.00 1058.99 79.16 55.51 
2007 #6 10/29/08 449.24 685.27 2857.55 27527.25 29.26 398.42 228.41 281.62 831.93 1083.76 296.92 581.51 
Duplicate 841.90 1111.75 1651.59 23753.34 ND 184.63 101.83 113.55 764.06 831.94 141.84 603.50 
Triplicate 55.10 364.32 2229.84 33694.35 11.49 266.77 198.08 222.68 762.44 998.52 263.14 666.71 
total 1346.24 2161.34 6738.98 84974.95 40.75 849.82 528.32 617.86 2358.42 2914.22 701.90 1851.71 
mean 448.75 720.45 2246.33 28324.98 20.38 283.27 176.11 205.95 786.14 971.41 233.97 617.24 
st dev 393.40 374.95 603.15 5018.29 12.56 107.85 66.09 85.27 39.66 128.08 81.55 44.23 
2007 #6 04/20/08 483.63 365.34 4149.78 48613.42 24.60 384.64 268.04 356.54 461.15 1099.82 448.35 608.00 
Duplicate 2797.24 1002.15 3235.98 40734.59 19.64 184.02 149.50 139.21 442.75 920.84 297.37 478.93 
Triplicate 67.72 125.41 3043.44 42568.43 ND 256.83 226.79 220.35 426.70 1072.56 372.60 595.13 
total 3348.59 1492.90 10429.20 131916.43 44.24 825.49 644.33 716.10 1330.60 3093.22 1118.33 1682.07 
mean 1116.20 497.63 3476.40 43972.14 22.12 275.16 214.78 238.70 443.53 1031.07 372.78 560.69 




   Aluminum Arsenic Barium 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007 #7 10/29/08 418.30 1451.81 1492.74 17446.07 ND 295.74 170.50 206.80 476.95 517.45 131.11 282.42 
Duplicate 806.46 2181.51 1355.24 18532.56 12.29 187.73 83.59 76.44 425.77 480.44 62.43 295.02 
Triplicate 151.91 792.54 897.84 17726.61 34.93 270.76 171.48 193.03 478.40 551.99 126.84 342.51 
total 1376.66 4425.86 3745.81 53705.23 47.22 754.23 425.57 476.27 1381.12 1549.88 320.38 919.95 
mean 458.89 1475.29 1248.60 17901.74 23.61 251.41 141.86 158.76 460.37 516.63 106.79 306.65 
st dev 329.16 694.78 311.46 564.02 16.01 56.55 50.46 71.62 29.97 35.79 38.48 31.69 
2007 #7 4/20/09 243.68 629.68 863.91 15018.66 ND 282.37 169.34 207.45 440.99 629.95 92.66 385.25 
Duplicate 418.85 1127.73 1154.05 17238.34 13.58 175.86 82.02 70.65 391.91 597.88 86.89 325.63 
Triplicate 149.94 415.22 722.56 16868.72 21.21 281.96 98.90 236.48 503.09 632.28 85.48 367.21 
total 812.47 2172.62 2740.52 49125.72 34.79 740.20 350.26 514.57 1335.99 1860.11 265.03 1078.10 
mean 270.82 724.21 913.51 16375.24 17.40 246.73 116.75 171.52 445.33 620.04 88.34 359.37 
st dev 136.49 365.54 219.98 1189.28 5.39 61.37 46.32 88.56 55.72 19.23 3.80 30.57 
1985 # 8 10/30/08 127.00 1015.06 9195.61 96474.12 111.57 250.35 256.49 271.80 1483.94 2287.65 823.19 585.10 
Duplicate 422.77 1082.23 7517.54 98275.52 ND 165.74 154.23 136.27 1241.91 1733.47 650.03 482.56 
Triplicate 120.69 821.32 9635.51 103212.53 ND 283.06 295.36 277.59 1624.15 2266.17 837.40 501.34 
total 670.47 2918.62 26348.66 297962.17 111.57 699.16 706.08 685.65 4350.00 6287.29 2310.61 1568.99 
mean 223.49 972.87 8782.89 99320.72 111.57 233.05 235.36 228.55 1450.00 2095.76 770.20 523.00 
st dev 172.62 135.48 1117.67 3488.68 --- 60.54 72.90 79.97 193.37 313.94 104.32 54.59 
1985 #8 4/21/09 153.71 1039.40 8475.73 60661.58 113.50 259.94 253.82 228.83 1959.60 2093.18 756.43 667.13 
Duplicate 265.27 1091.50 6727.08 58866.88 ND 171.64 159.28 115.93 1581.19 1556.04 566.38 498.55 
Triplicate 133.05 785.42 10198.07 65679.31 10.67 289.08 301.13 262.31 2018.43 2117.00 748.03 610.47 
total 552.04 2916.32 25400.88 185207.77 124.17 720.66 714.24 607.06 5559.22 5766.21 2070.83 1776.15 
mean 184.01 972.11 8466.96 61735.92 62.08 240.22 238.08 202.35 1853.07 1922.07 690.28 592.05 
st dev 71.13 163.76 1735.51 3531.00 72.71 61.16 72.22 76.70 237.29 317.22 107.38 85.79 
1985 #9 10/30/08 164.29 132.47 2100.88 37181.30 257.07 195.43 217.97 101.12 1105.48 828.46 404.39 542.20 
Duplicate 291.04 609.70 1831.34 36680.48 14.40 173.17 91.68 90.85 957.18 613.76 271.97 402.13 
Triplicate 70.96 236.16 2087.17 40699.46 15.79 310.16 213.16 250.88 1242.72 918.45 417.06 454.81 
total 526.29 978.33 6019.39 114561.24 287.26 678.76 522.82 442.85 3305.37 2360.67 1093.42 1399.15 
mean 175.43 326.11 2006.46 38187.08 95.75 226.25 174.27 147.62 1101.79 786.89 364.47 466.38 
st dev 110.46 251.01 151.82 2190.15 139.70 73.51 71.56 89.58 142.81 156.54 80.36 70.75 
1985 #9 4/21/09 99.42 302.05 2272.19 34222.97 104.10 238.83 203.78 218.92 802.18 872.95 276.99 590.75 
Duplicate 172.91 362.88 1911.02 30801.01 19.40 171.43 86.99 58.29 625.34 669.67 186.53 433.32 
Triplicate 166.14 177.40 2608.58 34559.71 18.59 310.39 231.64 239.35 912.40 897.57 310.52 513.57 
total 438.46 842.33 6791.79 99583.69 142.10 720.65 522.41 516.57 2339.92 2440.19 774.04 1537.65 
mean 146.15 280.78 2263.93 33194.56 47.37 240.22 174.14 172.19 779.97 813.40 258.01 512.55 




   Aluminum Arsenic Barium 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
NAT #10 10/30/08 178.90 568.66 9321.22 118515.38 9.11 266.36 320.98 282.14 2389.91 2910.09 817.95 919.13 
Duplicate 73.95 1249.47 6947.50 103822.58 13.04 153.82 185.23 137.68 1881.50 2219.34 1204.86 596.05 
Triplicate 114.92 364.28 8321.17 118951.62 13.09 288.26 313.83 325.16 2549.53 2656.65 1394.35 702.82 
total 367.77 2182.40 24589.89 341289.58 35.24 708.44 820.05 744.99 6820.94 7786.07 3417.15 2218.00 
mean 122.59 727.47 8196.63 113763.19 11.75 236.15 273.35 248.33 2273.65 2595.36 1139.05 739.33 
st dev 52.89 463.47 1191.75 8611.58 2.28 72.13 76.39 98.21 348.86 349.43 293.78 164.61 
NAT #10 4/21/29 559.48 354.69 4771.73 53154.92 ND 226.07 242.86 214.62 2052.85 1375.65 712.86 702.96 
Duplicate 346.24 634.49 5597.86 69213.68 ND 173.72 167.74 115.17 1529.06 1539.89 715.51 580.83 
Triplicate 3.92 259.95 5303.09 59891.06 ND 224.92 237.29 242.13 1618.62 1384.09 726.37 575.04 
total 909.63 1249.13 15672.69 182259.66 0.00 624.72 647.89 571.92 5200.53 4299.63 2154.74 1858.83 
mean 303.21 416.38 5224.23 60753.22 0.00 208.24 215.96 190.64 1733.51 1433.21 718.25 619.61 
st dev 280.26 194.74 418.67 8064.02 --- 29.90 41.86 66.79 280.16 92.48 7.16 72.24 
NAT # 11 10/30/08 357.84 349.78 8647.07 121318.17 14.09 179.34 443.18 472.44 2040.06 140.82 860.46 1033.95 
Duplicate 114.22 1072.34 9088.91 152806.09 11.95 151.49 223.82 191.48 1821.73 2925.81 561.98 705.73 
Triplicate 46.31 361.34 8511.69 122415.15 12.17 221.38 242.00 251.76 2223.08 2488.35 1300.12 716.92 
total 518.37 1783.46 26247.66 396539.41 38.22 552.21 909.00 915.67 6084.87 5554.98 2722.56 2456.60 
mean 172.79 594.49 8749.22 132179.80 12.74 184.07 303.00 305.22 2028.29 1851.66 907.52 818.87 
st dev 163.82 413.87 301.87 17871.30 1.18 35.18 121.74 147.91 200.93 1497.69 371.31 186.35 
NAT #11 4/21/09 248.73 1113.27 9633.49 128740.76 ND 414.11 443.65 530.68 1212.03 3356.83 711.42 1533.72 
Duplicate ND ND 9486.42 125967.74 12.15 78.62 212.21 178.06 192.94 ND 521.63 620.88 
Triplicate 174.03 344.08 8211.91 98101.18 ND 215.64 246.35 257.90 1404.07 2758.75 1333.71 667.24 
total 422.75 1457.35 27331.82 352809.68 12.15 708.37 902.21 966.63 2809.05 6115.58 2566.76 2821.85 
mean 211.38 728.68 9110.61 117603.23 12.15 236.12 300.74 322.21 936.35 3057.79 855.59 940.62 




 Beryllium Cadmium Cobalt 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1995 #1 4/20/09 ND ND ND 15.97 15.98 ND ND ND 57.55 59.70 37.77 92.81 
Duplicate ND ND ND 15.41 20.80 ND ND 13.21 58.81 70.26 36.79 96.39 
Triplicate ND 9.96 ND 18.20 22.82 9.47 11.08 15.37 57.30 71.00 41.75 92.16 
total 0.00 9.96 0.00 49.57 59.60 9.47 11.08 28.58 173.67 200.96 116.31 281.36 
mean 0.00 9.96 0.00 16.52 19.87 9.47 11.08 14.29 57.89 66.99 38.77 93.79 
st dev --- --- --- 1.48 3.51 --- --- 1.53 0.81 6.32 2.63 2.28 
1995 #1 10/29/08 ND ND ND 11.45 13.60 ND ND ND 154.10 26.86 20.58 86.89 
Duplicate ND ND ND 9.52 24.30 ND ND 14.57 168.51 30.87 20.83 95.76 
Triplicate ND 9.53 ND 14.78 22.90 ND 10.16 15.69 168.72 33.89 26.04 91.93 
total 0.00 9.53 0.00 35.75 60.80 0.00 10.16 30.26 491.34 91.62 67.45 274.57 
mean 0.00 9.53 0.00 11.92 20.27 0.00 10.16 15.13 163.78 30.54 22.48 91.52 
st dev --- --- --- 2.66 5.82 --- --- 0.79 8.38 3.53 3.08 4.45 
1995 #2 10/29/08 ND ND ND ND ND ND ND ND ND 9.22 ND 55.34 
Duplicate ND ND ND ND ND ND ND ND ND 13.94 ND 60.08 
Triplicate ND ND ND ND ND ND ND ND ND 13.85 ND ND 
total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 37.01 0.00 115.41 
mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 12.34 0.00 57.71 
st dev --- --- --- --- --- --- --- --- --- 2.70 --- 3.35 
1995 #2 4/20/09 ND ND ND 16.10 ND ND ND ND ND ND 57.02 79.13 
Duplicate ND ND ND 16.41 ND ND ND ND ND ND 66.75 86.06 
Triplicate ND ND ND 21.29 9.21 ND ND 10.39 ND ND 65.77 83.43 
total 0.00 0.00 0.00 53.80 9.21 0.00 0.00 10.39 0.00 0.00 189.54 248.62 
mean 0.00 0.00 0.00 17.93 9.21 0.00 0.00 10.39 0.00 0.00 63.18 82.87 
st dev --- --- --- 2.91 --- --- --- --- --- --- 5.36 3.50 
1995 #3 4/20/09 ND ND ND 12.20 ND ND ND ND ND 16.55 55.60 64.41 
Duplicate ND ND ND 12.77 12.85 ND 10.70 11.63 11.20 20.11 59.22 81.61 
Triplicate ND ND ND 17.63 15.95 ND 10.05 12.98 11.01 20.14 59.04 79.48 
total 0.00 0.00 0.00 42.61 28.80 0.00 20.75 24.62 22.21 56.80 173.87 225.49 
mean 0.00 0.00 0.00 14.20 14.40 0.00 10.38 12.31 11.11 18.93 57.96 75.16 
st dev --- --- --- 2.98 2.19 --- 0.46 0.95 0.13 2.07 2.04 9.38 
1995 #4 10/29/08 ND ND ND 13.45 11.74 ND ND ND 93.26 39.70 25.79 67.22 
Duplicate ND ND ND 17.18 21.07 ND ND 13.77 97.56 44.69 30.25 103.97 
Triplicate ND 10.36 ND 22.28 21.93 ND 10.64 16.04 93.80 44.41 36.01 110.50 
total 0.00 10.36 0.00 52.92 54.74 0.00 10.64 29.81 284.62 128.80 92.05 281.69 
mean 0.00 10.36 0.00 17.64 18.25 0.00 10.64 14.90 94.87 42.93 30.68 93.90 
st dev --- --- --- 4.43 5.65 --- --- 1.60 2.35 2.81 5.12 23.33 




 Beryllium Cadmium Cobalt 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1995 #4 4/20/09 ND ND ND ND ND ND ND ND 85.35 ND ND 43.54 
Duplicate ND ND ND 9.28 16.23 ND ND ND 96.19 10.66 17.60 75.62 
Triplicate ND ND ND 13.27 20.35 ND 9.06 11.59 102.58 13.12 20.42 68.57 
total 0.00 0.00 0.00 22.56 36.58 0.00 9.06 11.59 284.12 23.78 38.01 187.74 
mean 0.00 0.00 0.00 11.28 18.29 0.00 9.06 11.59 94.71 11.89 19.01 62.58 
st dev --- --- --- 2.82 2.91 --- --- --- 8.71 1.74 1.99 16.86 
2007 #5 10/29/08 ND ND ND ND ND ND ND 9.05 ND 18.73 16.28 57.16 
Duplicate ND ND ND ND ND ND ND ND 10.89 17.18 12.61 41.52 
Triplicate ND ND ND ND ND ND ND ND 10.34 38.53 13.46 51.81 
total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.05 21.22 74.44 42.35 150.49 
mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 9.05 10.61 24.81 14.12 50.16 
st dev --- --- --- --- --- --- --- --- 0.39 11.91 1.92 7.95 
2007 #5 4/20/09 ND ND ND 14.59 ND ND ND 9.75 ND 18.37 58.37 66.62 
Duplicate ND ND ND ND ND ND ND ND ND 12.26 40.02 54.74 
Triplicate ND ND ND 13.86 ND ND ND 9.25 ND 14.14 52.48 64.81 
total 0.00 0.00 0.00 28.45 0.00 0.00 0.00 18.99 0.00 44.77 150.87 186.17 
mean 0.00 0.00 0.00 14.22 0.00 0.00 0.00 9.50 0.00 14.92 50.29 62.06 
st dev --- --- --- 0.51 --- --- --- 0.35 --- 3.13 9.37 6.40 
2007 #6 10/29/08 ND ND ND ND ND ND ND ND ND 20.88 26.77 49.77 
Duplicate ND ND ND ND ND ND ND ND ND 14.75 13.78 35.46 
Triplicate ND ND ND ND ND ND ND ND ND 17.36 23.01 58.34 
total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 52.99 63.56 143.57 
mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 17.66 21.19 47.86 
st dev --- --- --- --- --- --- --- --- --- 3.08 6.68 11.56 
2007 #6 04/20/08 ND ND ND 10.87 ND ND ND ND ND 30.64 47.00 58.15 
Duplicate ND ND ND ND ND ND ND ND ND ND 22.29 43.72 
Triplicate ND ND ND 9.98 9.32 ND ND ND ND 28.21 40.94 56.52 
total 0.00 0.00 0.00 20.85 9.32 0.00 0.00 0.00 0.00 58.85 110.23 158.39 
mean 0.00 0.00 0.00 30.83 18.64 0.00 0.00 0.00 0.00 29.43 36.74 52.80 
st dev --- --- --- --- --- --- --- --- --- 1.72 12.88 7.90 
2007 #7 10/29/08 ND ND ND ND ND ND ND ND ND 20.96 9.85 44.26 
Duplicate ND ND ND ND ND ND ND ND ND 15.88 ND 33.82 
Triplicate ND ND ND ND ND ND ND ND ND 21.14 ND 45.13 
total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 57.97 9.85 123.21 
mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 19.32 9.85 41.07 





 Beryllium Cadmium Cobalt 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007 #7 4/20/09 ND ND ND ND ND ND ND ND ND 21.19 ND 42.30 
Duplicate ND ND ND ND ND ND ND ND ND 18.55 10.35 44.80 
Triplicate ND ND ND ND ND ND ND ND ND 23.37 ND 42.68 
total 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 63.12 10.35 129.78 
mean 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 21.04 10.35 43.26 
st dev --- --- --- --- --- --- --- --- --- 2.41 --- 1.35 
1985 # 8 10/30/08 19.29 ND ND ND 16.76 ND ND 10.23 91.88 51.24 68.06 21.71 
Duplicate ND ND ND 18.44 12.96 ND ND 10.38 19.45 36.89 56.93 92.17 
Triplicate 2.06 ND ND 19.34 16.20 9.01 ND 11.53 22.30 56.96 67.44 98.00 
total 21.35 0.00 0.00 37.78 45.92 9.01 0.00 32.14 133.63 145.09 192.43 211.88 
mean 10.68 0.00 0.00 18.89 15.31 9.01 0.00 10.71 44.54 48.36 64.14 70.63 
st dev 12.18 --- --- 0.63 2.05 --- --- 0.71 41.02 10.34 6.25 42.46 
1985 #8 4/21/09 14.02 ND ND ND 18.54 14.86 11.03 10.77 79.78 12.98 86.81 ND 
Duplicate ND ND ND 13.28 14.29 11.18 ND ND ND 9.47 71.12 82.57 
Triplicate ND ND ND 15.45 17.74 14.97 10.51 9.35 ND 13.97 94.20 89.45 
total 14.02 0.00 0.00 28.73 50.57 41.01 21.55 20.12 79.78 36.42 252.13 172.02 
mean 14.02 0.00 0.00 14.36 16.86 13.67 10.77 10.06 79.78 12.14 84.04 86.01 
st dev --- --- --- 1.53 2.26 2.16 0.37 1.00 --- 2.36 11.79 4.87 
1985 #9 10/30/08 ND ND ND ND 10.62 ND ND ND 65.31 ND 33.04 ND 
Duplicate ND ND ND ND ND ND ND ND ND ND 28.37 71.42 
Triplicate ND ND ND ND 10.96 ND ND ND ND ND 34.63 72.54 
total 0.00 0.00 0.00 0.00 21.58 0.00 0.00 0.00 65.31 0.00 96.04 143.96 
mean 0.00 0.00 0.00 0.00 10.79 0.00 0.00 0.00 65.31 0.00 32.01 71.98 
st dev --- --- --- --- 0.24 --- --- --- --- --- 3.25 0.79 
1985 #9 4/21/09 ND ND ND ND 19.89 ND ND ND 58.17 ND 32.69 2.48 
Duplicate ND ND ND ND ND ND ND ND ND ND 29.09 54.55 
Triplicate ND ND ND ND ND ND ND ND ND ND 37.28 57.48 
total 0.00 0.00 0.00 0.00 19.89 0.00 0.00 0.00 58.17 0.00 99.06 114.51 
mean 0.00 0.00 0.00 0.00 19.89 0.00 0.00 0.00 58.17 0.00 33.02 38.17 
st dev --- --- --- --- --- --- --- --- --- --- 4.11 30.95 
NAT #10 10/30/08 ND ND ND 21.61 16.52 ND 10.75 11.79 16.80 37.85 64.92 112.48 
Duplicate ND ND ND 18.12 12.85 ND ND ND 13.17 27.00 53.21 102.38 
Triplicate ND ND ND 21.74 15.64 ND 11.78 14.25 14.90 37.38 64.00 108.27 
total 0.00 0.00 0.00 61.46 45.02 0.00 22.53 26.04 44.87 102.23 182.13 323.13 
mean 0.00 0.00 0.00 20.49 15.01 0.00 11.27 13.02 14.96 34.08 60.71 107.71 





 Beryllium Cadmium Cobalt 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
NAT #10 4/21/29 ND ND ND 17.40 ND ND ND ND ND ND 55.86 92.88 
Duplicate ND ND ND 14.62 9.37 ND ND ND ND ND 56.08 97.11 
Triplicate ND ND ND 17.89 9.35 ND ND ND ND ND 54.74 83.03 
total 0.00 0.00 0.00 49.91 18.72 0.00 0.00 0.00 0.00 0.00 166.68 273.02 
mean 0.00 0.00 0.00 16.64 9.36 0.00 0.00 0.00 0.00 0.00 55.56 91.01 
st dev --- --- --- 1.76 0.01 --- --- --- --- --- 0.72 7.22 
NAT # 11 10/30/08 ND ND ND 21.50 15.92 ND ND 11.11 20.28 36.60 46.16 88.90 
Duplicate ND ND ND 21.43 10.85 ND ND ND 14.78 34.22 51.37 51.35 
Triplicate ND ND ND 23.60 16.16 ND ND 11.04 20.99 34.60 51.30 101.08 
total 0.00 0.00 0.00 66.53 42.93 0.00 0.00 22.15 56.05 105.42 148.83 241.32 
mean 0.00 0.00 0.00 22.18 14.31 0.00 0.00 11.08 18.68 35.14 49.61 80.44 
st dev --- --- --- 1.24 3.00 --- --- 0.04 3.39 1.28 2.99 25.92 
NAT #11 4/21/09 ND ND ND 29.22 14.30 ND ND 13.27 ND 17.62 101.82 100.63 
Duplicate ND ND ND 23.65 ND ND ND 10.65 ND ND 87.54 75.53 
Triplicate ND ND ND 24.83 15.75 ND ND 10.64 ND 14.71 94.96 87.99 
total 0.00 0.00 0.00 77.70 30.05 0.00 0.00 34.56 0.00 32.33 284.32 264.15 
mean 0.00 0.00 0.00 25.90 15.03 0.00 0.00 11.52 0.00 16.16 94.77 88.05 





 Chromium Copper Iron 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1995 #1 4/20/09 81.15 10.29 56.53 275.27 38.02 47.31 570.41 90.02 2541.51 2140.62 84745.98 173119.23 
Duplicate 120.01 14.63 58.63 218.50 88.57 41.46 535.70 214.05 3842.14 3127.52 88065.04 169327.91 
Triplicate 55.97 13.50 61.53 298.56 42.48 50.34 576.62 89.61 1056.33 2472.19 87982.43 173280.14 
total 257.13 38.42 176.69 792.34 169.06 139.10 1682.73 393.68 7439.97 7740.34 260793.46 515727.28 
mean 85.71 12.81 58.90 264.11 56.35 46.37 560.91 131.23 2479.99 2580.11 86931.15 171909.09 
st dev 32.26 2.25 2.51 41.18 27.98 4.51 22.05 71.73 1393.93 502.22 1892.86 2236.82 
1995 #1 10/29/08 53.28 28.34 57.00 240.15 46.23 31.34 371.94 89.82 2752.72 7270.13 81077.32 197566.54 
Duplicate 81.73 18.02 62.70 187.20 82.47 17.91 341.62 146.85 4310.66 8708.88 88796.82 190827.01 
Triplicate 54.74 17.80 64.95 268.35 28.61 29.96 412.38 95.25 1538.76 8280.23 89134.63 192606.59 
total 189.74 64.17 184.65 695.70 157.32 79.21 1125.94 331.92 8602.15 24259.24 259008.78 581000.14 
mean 63.25 21.39 61.55 231.90 52.44 26.40 375.31 110.64 2867.38 8086.41 86336.26 193666.71 
st dev 16.02 6.02 4.09 41.20 27.46 7.39 35.50 31.48 1389.50 738.70 4557.50 3492.59 
1995 #2 10/29/08 52.28 ND 41.69 36.42 16.77 ND 11.49 11.92 682.86 3192.56 8355.60 37125.27 
Duplicate 77.90 ND 43.51 52.91 10.13 ND 10.66 ND 1083.76 4133.34 9307.11 36904.24 
Triplicate 46.95 ND 42.16 42.16 ND ND ND ND 809.96 3885.90 7464.00 33183.17 
total 177.13 0.00 127.36 131.49 26.90 0.00 22.15 11.92 2576.58 11211.81 25126.71 107212.69 
mean 59.04 0.00 42.45 43.83 13.45 0.00 11.07 11.92 858.86 3737.27 8375.57 35737.56 
st dev 16.54 --- 0.94 8.37 4.69 --- 0.59 --- 204.87 487.68 921.72 2214.93 
1995 #2 4/20/09 42.87 ND 44.08 183.05 14.80 11.68 234.22 40.37 ND 441.42 44526.94 118982.68 
Duplicate 75.12 11.26 51.37 127.81 11.19 18.07 211.73 28.20 19.46 1001.02 57023.00 120119.52 
Triplicate 48.11 10.10 51.78 236.25 ND 14.33 272.20 52.73 200.34 672.87 51255.34 113318.23 
total 166.10 21.35 147.24 547.11 25.99 44.07 718.15 121.31 219.80 2115.32 152805.28 352420.43 
mean 55.37 10.68 49.08 182.37 13.00 14.69 239.38 40.44 109.90 705.11 50935.09 117473.48 
st dev 17.31 0.82 4.33 54.23 2.55 3.21 30.57 12.27 127.91 281.19 6254.18 3643.17 
1995 #3 4/20/09 61.52 ND 45.67 234.48 16.49 ND 275.24 51.58 1408.62 634.66 82369.90 159182.40 
Duplicate 105.78 ND 51.73 201.89 12.33 ND 251.46 43.08 3885.90 927.37 97582.93 162512.43 
Triplicate 65.83 ND 52.19 285.05 ND ND 316.52 54.36 27.24 747.64 89783.09 161577.62 
total 233.13 0.00 149.60 721.42 28.83 0.00 843.22 149.02 5321.76 2309.67 269735.92 483272.45 
mean 77.71 0.00 49.87 240.47 14.41 0.00 281.07 49.67 1773.92 769.89 89911.97 161090.82 
st dev 24.40 --- 3.64 41.90 2.94 --- 32.92 5.87 1955.09 147.62 7607.33 1717.56 
1995 #4 10/29/08 52.52 27.65 50.78 217.55 21.54 18.37 379.12 50.28 1700.44 2794.24 72008.18 128974.97 
Duplicate 104.57 13.34 61.04 231.51 11.83 ND 393.24 117.43 3429.62 3276.52 85654.57 179712.34 
Triplicate 58.67 13.19 72.99 299.60 11.30 23.40 434.13 176.60 437.09 3001.42 80469.39 165607.90 
total 215.76 54.19 184.81 748.65 44.67 41.76 1206.50 344.32 5567.16 9072.19 238132.15 474295.21 
mean 71.92 18.06 61.60 249.55 14.89 20.88 402.17 114.77 1855.72 3024.06 79377.38 158098.40 
st dev 28.44 8.30 11.12 43.90 5.77 3.56 28.57 63.21 1502.30 241.93 6888.42 26189.02 





 Chromium Copper Iron 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1995 #4 4/20/09 54.84 ND 47.54 233.82 22.85 ND 323.42 54.34 1842.74 5861.03 63128.46 111268.13 
Duplicate 87.65 10.65 59.30 238.81 41.61 20.71 356.84 137.48 2381.78 5936.32 69602.71 132301.50 
Triplicate 65.12 14.15 66.32 287.41 34.90 20.55 396.81 55.70 786.14 6630.02 77961.77 134930.97 
total 207.61 24.80 173.17 760.05 99.37 41.26 1077.07 247.52 5010.66 18427.37 210692.94 378500.60 
mean 69.20 12.40 57.72 253.35 33.12 20.63 359.02 82.51 1670.22 6142.46 70230.98 126166.87 
st dev 16.79 2.47 9.49 29.61 9.51 0.11 36.74 47.61 811.69 423.91 7436.58 12969.49 
2007 #5 10/29/08 38.96 ND 45.83 75.01 ND 15.68 80.70 31.15 1150.33 2964.57 29783.93 71582.75 
Duplicate 89.20 ND 39.88 63.62 11.17 13.63 22.42 43.82 2532.93 3723.29 26351.66 55209.87 
Triplicate 61.13 ND 45.25 65.69 ND 13.62 48.13 24.20 138.82 3577.76 27140.35 60262.04 
total 189.29 0.00 130.96 204.32 11.17 42.93 151.25 99.17 3822.08 10265.62 83275.95 187054.65 
mean 63.10 0.00 43.65 68.11 11.17 14.31 50.42 33.06 1274.03 3421.87 27758.65 62351.55 
st dev 25.18 --- 3.28 6.07 --- 1.18 29.21 9.95 1201.84 402.67 1797.73 8384.05 
2007 #5 4/20/09 63.36 ND 53.34 187.64 37.67 16.25 230.01 37.06 1389.50 70.31 63765.93 120368.94 
Duplicate 83.56 ND 43.16 121.13 ND 11.19 141.27 41.71 2010.48 1315.69 52767.18 92258.55 
Triplicate 55.50 ND 50.24 116.97 ND 9.88 194.14 38.25 130.01 1092.10 52439.50 100828.61 
total 202.41 0.00 146.75 425.75 37.67 37.32 565.43 117.01 3530.00 2478.10 168972.61 313456.11 
mean 67.47 0.00 48.92 141.92 37.67 12.44 188.48 39.00 1176.67 826.03 56324.20 104485.37 
st dev 14.47 --- 5.22 39.66 --- 3.36 44.64 2.41 958.13 663.96 6446.80 14407.54 
2007 #6 10/29/08 65.23 11.15 51.55 48.08 11.43 17.46 66.38 22.37 594.30 2357.55 29748.46 53304.70 
Duplicate 84.24 ND 36.74 47.82 20.71 10.29 26.50 11.61 2115.08 2072.20 17727.32 42769.31 
Triplicate 50.90 ND 48.30 60.76 ND 11.43 51.57 26.74 110.36 1660.82 25994.14 58517.66 
total 200.37 11.15 136.59 156.66 32.14 39.18 144.45 60.71 2819.73 6090.58 73469.92 154591.67 
mean 66.79 11.15 45.53 52.22 16.07 13.06 48.15 20.24 939.91 2030.19 24489.97 51530.56 
st dev 16.72   7.78 7.40 6.56 3.85 20.16 7.79 1046.09 350.26 6150.11 8022.67 
2007 #6 04/20/08 64.09 11.82 53.66 76.61 17.41 17.68 203.49 25.71 2060.13 2587.76 65857.70 84961.03 
Duplicate 89.71 ND 40.53 71.06 19.99 12.82 125.75 12.31 5426.45 2263.32 49828.88 70508.81 
Triplicate 55.69 ND 49.95 80.86 ND 13.20 170.82 32.12 131.29 2661.03 52835.37 73572.29 
total 209.49 11.82 144.15 228.53 37.40 43.71 500.06 70.14 7617.87 7512.11 168521.95 229042.13 
mean 69.83 11.82 48.05 76.18 18.70 14.57 166.69 23.38 2539.29 2504.04 56173.98 76347.38 
st dev 17.72 --- 6.77 4.92 1.82 2.70 39.03 10.11 2679.90 211.66 8520.01 7615.28 
2007 #7 10/29/08 71.36 ND 49.03 35.77 ND 12.35 ND ND 861.38 23294.05 30209.14 79966.02 
Duplicate 78.26 ND 37.47 47.61 ND 13.28 ND 18.29 540.33 8274.33 10309.14 29256.83 
Triplicate 52.75 ND 49.68 39.12 ND 13.49 ND 23.60 575.53 10282.62 11037.67 28672.55 
total 202.37 0.00 136.19 122.51 0.00 39.12 0.00 41.89 1977.23 41850.99 51555.95 137895.39 
mean 67.46 0.00 45.40 40.84 0.00 13.04 0.00 20.94 659.08 13950.33 17185.32 45965.13 
st dev 13.20 --- 6.87 6.10 --- 0.61 --- 3.76 176.08 8153.96 11284.84 29447.08 





 Chromium Copper Iron 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007 #7 4/20/09 63.86 ND 47.68 105.95 ND 12.04 ND 10.99 718.96 13000.39 29053.67 85187.02 
Duplicate 45.44 ND 43.86 117.22 29.35 21.89 17.33 32.27 367.00 5613.54 11153.56 29492.50 
Triplicate 60.07 ND 50.55 34.36 ND ND ND 12.46 790.51 6249.63 10201.52 26705.98 
total 169.37 0.00 142.08 257.52 29.35 33.92 17.33 55.71 1876.47 24863.56 50408.75 141385.50 
mean 56.46 0.00 47.36 85.84 29.35 16.96 17.33 18.57 625.49 8287.85 16802.92 47128.50 
st dev 9.73 --- 3.36 44.94 --- 6.96 --- 11.89 226.70 4093.55 10620.14 32989.08 
1985 # 8 10/30/08 190.45 16.71 62.89 247.27 58.89 23.67 385.18 65.27 137781.68 1875.81 240337.63 460477.54 
Duplicate 68.63 11.71 52.34 198.13 11.46 25.88 273.56 77.47 411.92 2006.72 61061.97 140772.12 
Triplicate 61.33 15.29 65.71 243.24 9.59 26.58 402.86 65.46 117.47 2591.90 72486.28 131776.04 
total 320.40 43.71 180.95 688.64 79.94 76.13 1061.60 208.19 138311.07 6474.43 373885.88 733025.70 
mean 106.80 14.57 60.32 229.55 26.65 25.38 353.87 69.40 46103.69 2158.14 124628.63 244341.90 
st dev 72.53 2.57 7.05 27.28 27.94 1.52 70.11 6.99 79395.61 381.30 100369.61 187232.99 
1985 #8 4/21/09 140.63 21.32 67.93 182.68 33.78 73.17 384.68 43.71 84161.81 16048.00 279740.39 278455.86 
Duplicate 68.07 15.64 54.74 126.59 10.02 64.99 267.36 46.55 64.23 5657.66 70441.60 89865.15 
Triplicate 59.93 19.85 71.42 196.49 ND 79.12 427.24 50.63 78.70 6733.36 87928.13 81715.44 
total 268.63 56.81 194.09 505.76 43.80 217.28 1079.29 140.89 84304.74 28439.03 438110.13 450036.46 
mean 89.54 18.94 64.70 168.59 21.90 72.43 359.76 46.96 28101.58 9479.68 146036.71 150012.15 
st dev 44.43 2.95 8.80 37.02 16.81 7.10 82.80 3.48 48549.59 5713.71 116120.42 111310.13 
1985 #9 10/30/08 73.76 ND 49.57 68.16 21.48 ND 41.45 34.05 69818.21 538.79 54588.53 229708.59 
Duplicate 71.01 ND 42.41 82.76 ND ND 47.07 33.14 105.08 408.77 15999.00 76228.02 
Triplicate 59.81 ND 52.49 74.41 ND ND 52.36 33.70 94.88 380.77 18707.63 73972.40 
total 204.58 0.00 144.46 225.32 21.48 0.00 140.87 100.89 70018.17 1328.34 89295.16 379909.01 
mean 68.19 0.00 48.15 75.11 21.48 0.00 46.96 33.63 23339.39 442.78 29765.05 126636.34 
st dev 7.39 --- 5.19 7.33 --- --- 5.45 0.46 40251.84 84.32 21540.38 89270.31 
1985 #9 4/21/09 69.80 ND 49.88 78.87 14.03 12.93 49.63 18.77 54893.62 930.21 59649.18 179094.22 
Duplicate 64.81 ND 40.99 67.57 ND ND 55.12 22.08 576.49 18163.51 55921.79 719.26 
Triplicate 60.23 ND 54.88 68.10 ND ND 68.69 17.40 226.54 752.25 21693.58 55405.49 
total 194.84 0.00 145.75 214.54 14.03 12.93 173.45 58.24 55696.65 19845.97 137264.54 235218.97 
mean 64.95 0.00 48.58 71.51 14.03 12.93 57.82 19.41 18565.55 6615.32 45754.85 78406.32 
st dev 4.78 --- 7.03 6.37 --- --- 9.81 2.41 31461.52 10001.42 20920.85 91384.82 
NAT #10 10/30/08 70.03 15.65 61.93 272.24 9.40 ND 422.01 46.98 1839.58 3151.40 424241.18 605918.28 
Duplicate 69.69 11.71 48.28 218.40 11.74 16.90 266.26 48.21 710.74 2669.37 106747.15 175488.25 
Triplicate 60.97 13.54 59.55 275.45 ND 10.27 392.69 64.53 290.59 2732.09 119881.29 177996.82 
total 200.70 40.89 169.76 766.10 21.14 27.17 1080.96 159.72 2840.92 8552.87 650869.62 959403.34 
mean 66.90 13.63 56.59 255.37 10.57 13.58 360.32 53.24 946.97 2850.96 216956.54 319801.11 
st dev 5.13 1.97 7.29 32.05 1.65 4.68 82.76 9.80 801.06 262.08 179633.84 247787.91 





 Chromium Copper Iron 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
NAT #10 4/21/29 61.28 10.36 54.95 194.02 11.69 16.88 268.24 43.07 588.61 592.28 48906.79 102776.59 
Duplicate 115.94 21.25 54.46 127.53 24.22 17.47 198.88 45.92 75.52 775.38 51542.34 120316.61 
Triplicate 54.12 11.60 53.78 176.31 31.88 17.40 271.71 49.70 0.00 473.14 50029.93 106728.33 
total 231.33 43.21 163.19 497.86 67.79 51.75 738.83 138.70 664.13 1840.79 150479.06 329821.52 
mean 77.11 14.40 54.40 165.95 22.60 17.25 246.28 46.23 221.38 613.60 50159.69 109940.51 
st dev 33.82 5.96 0.59 34.43 10.19 0.32 41.08 3.32 320.27 152.24 1322.56 9200.63 
NAT # 11 10/30/08 63.88 13.10 53.41 411.15 28.91 24.06 498.22 61.11 357.84 338.71 84906.45 167117.38 
Duplicate 125.46 27.94 76.57 321.09 21.76 9.08 408.67 72.59 359.41 2293.64 89429.02 178894.40 
Triplicate 58.37 15.37 54.80 290.81 27.26 21.68 360.91 62.70 30.23 2058.80 87295.04 176056.63 
total 247.71 56.42 184.79 1023.05 77.93 54.82 1267.80 196.40 747.48 4691.15 261630.52 522068.41 
mean 82.57 18.81 61.60 341.02 25.98 18.27 422.60 65.47 249.16 1563.72 87210.17 174022.80 
st dev 37.25 7.99 12.99 62.59 3.74 8.05 69.71 6.22 189.60 1067.37 2262.48 6146.29 
NAT #11 4/21/09 59.29 16.62 60.23 418.34 30.64 23.18 574.99 94.26 886.02 2630.81 110104.79 212206.10 
Duplicate ND ND 56.43 271.81 22.58 20.26 398.79 67.44 103.21 30.74 98129.07 166593.15 
Triplicate 57.25 13.34 54.02 256.68 21.40 21.96 358.39 59.60 493.87 890.94 96873.99 181965.97 
total 116.54 29.96 170.68 946.83 74.62 65.40 1332.17 221.30 1483.09 3552.49 305107.85 560765.23 
mean 58.27 14.98 56.89 315.61 24.87 21.80 444.06 73.77 494.36 1184.16 101702.62 186921.74 





 Manganese Lead Antimony 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1995 #1 4/20/09 7371.21 3596.75 979.91 1758.74 32.88 48.84 229.00 203.52 66.97 67.28 42.09 145.38 
Duplicate 7627.67 4050.64 888.68 1875.90 16.62 50.68 153.25 127.29 68.68 80.78 40.18 117.02 
Triplicate 7576.45 4132.75 974.66 1795.95 23.98 59.10 255.41 225.91 72.39 84.61 46.85 132.35 
total 22575.33 11780.15 2843.24 5430.60 73.48 158.61 637.66 556.72 208.04 232.67 129.13 394.75 
mean 7525.11 3926.72 947.75 1810.20 24.49 52.87 212.55 185.57 69.35 77.56 43.04 131.58 
st dev 135.72 288.69 51.22 59.87 8.15 5.47 53.03 51.70 2.77 9.10 3.43 14.20 
1995 #1 10/29/08 8685.96 972.72 509.16 2468.10 83.67 35.69 179.96 185.60 257.95 33.14 25.33 96.85 
Duplicate 9338.27 992.56 499.29 2522.74 79.37 36.92 107.59 92.95 195.57 36.42 22.47 109.51 
Triplicate 8265.74 1022.07 562.96 2461.12 72.70 47.47 211.46 201.15 252.95 40.97 29.43 120.50 
total 26289.98 2987.34 1571.40 7451.95 235.74 120.08 499.01 479.69 706.47 110.54 77.23 326.86 
mean 8763.33 995.78 523.80 2483.98 78.58 40.03 166.34 159.90 235.49 36.85 25.74 108.95 
st dev 540.44 24.83 34.27 33.74 5.53 6.47 53.26 58.50 34.66 3.93 3.50 11.83 
1995 #2 10/29/08 771.86 1792.83 140.69 620.27 9.53 19.91 15.93 43.99 9.72 14.70 8.84 61.29 
Duplicate 812.44 2168.36 134.96 734.71 ND 22.05 14.61 36.91 ND 16.62 ND 68.06 
Triplicate 758.00 2014.78 147.25 775.17 12.77 32.38 24.23 24.23 10.88 17.29 9.80 63.29 
total 2342.30 5975.97 422.90 2130.16 22.31 74.34 54.77 105.13 20.61 48.61 18.64 192.65 
mean 780.77 1991.99 140.97 710.05 11.15 24.78 18.26 35.04 10.30 16.20 9.32 64.22 
st dev 28.29 188.80 6.15 80.34 2.29 6.67 5.21 10.01 0.82 1.35 0.68 3.48 
1995 #2 4/20/09 515.66 5754.44 11300.92 3659.82 ND 11.76 183.33 191.89 ND ND 63.58 88.89 
Duplicate 553.48 6526.05 13366.76 4248.26 ND ND 120.38 115.45 ND ND 73.43 96.75 
Triplicate 575.39 6445.12 12642.23 4024.19 ND 16.37 211.31 211.35 ND ND 75.06 97.30 
total 1644.52 18725.62 37309.92 11932.26 0.00 28.13 515.02 518.68 0.00 0.00 212.08 282.93 
mean 548.17 6241.87 12436.64 3977.42 0.00 14.06 171.67 172.89 0.00 0.00 70.69 94.31 
st dev 30.22 424.06 1048.15 296.99 --- 3.26 46.57 50.69 --- --- 6.21 4.71 
1995 #3 4/20/09 2650.04 3254.77 3245.17 2895.16 11.68 15.28 206.09 196.14 16.51 22.00 60.61 73.67 
Duplicate 2990.19 3707.39 3497.38 3247.27 13.23 14.71 138.38 126.13 17.75 23.47 64.31 93.69 
Triplicate 2911.80 3439.89 3476.50 3181.71 18.69 25.68 236.00 221.01 18.34 23.83 66.96 93.55 
total 8552.02 10402.06 10219.05 9324.14 43.60 55.67 580.46 543.28 52.60 69.30 191.88 260.92 
mean 2850.67 3467.35 3406.35 3108.05 14.53 18.56 193.49 181.09 17.53 23.10 63.96 86.97 
st dev 178.12 227.56 139.97 187.25 3.68 6.18 50.02 49.20 0.94 0.97 3.19 11.52 
1995 #4 10/29/08 9892.62 2063.16 629.39 1526.84 55.69 71.15 235.83 98.45 150.98 45.72 30.15 75.23 
Duplicate 10571.10 2321.70 733.63 2226.57 46.42 66.42 180.23 122.19 110.18 49.02 32.01 117.49 
Triplicate 10298.34 2247.37 718.95 2045.04 53.95 79.60 269.29 206.93 195.93 51.54 41.87 102.49 
total 30762.05 6632.23 2081.97 5798.45 156.06 217.17 685.34 427.57 457.09 146.28 104.03 295.21 
mean 10254.02 2210.74 693.99 1932.82 52.02 72.39 228.45 142.52 152.36 48.76 34.68 98.40 
st dev 341.41 133.11 56.42 363.11 4.93 6.67 44.99 57.03 42.89 2.92 6.30 21.43 





 Manganese Lead Antimony 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
1995 #4 4/20/09 6307.74 420.96 474.13 1483.51 192.55 58.26 176.90 79.11 195.53 ND ND 54.29 
Duplicate 6459.12 463.16 594.19 1914.81 117.01 56.02 135.69 94.96 107.64 11.33 18.54 89.88 
Triplicate 6909.66 477.31 586.65 1793.03 198.98 77.14 215.63 154.81 175.11 18.11 22.87 82.81 
total 19676.52 1361.43 1654.97 5191.35 508.54 191.42 528.23 328.87 478.28 29.43 41.41 226.98 
mean 6558.84 453.81 551.66 1730.45 169.51 63.81 176.08 109.62 159.43 14.72 20.71 75.66 
st dev 313.10 29.32 67.25 222.36 45.58 11.60 39.98 39.92 45.99 4.79 3.06 18.84 
2007 #5 10/29/08 1391.84 2094.72 338.68 1036.39 ND 22.39 55.40 52.78 ND 22.93 19.45 59.97 
Duplicate 1765.68 2204.81 309.39 920.29 ND 22.58 39.40 30.14 16.45 35.46 12.50 56.08 
Triplicate 1752.95 2609.00 303.19 941.66 16.99 49.92 57.48 43.20 16.30 46.65 16.62 60.72 
total 4910.48 6908.53 951.26 2898.34 16.99 94.89 152.27 126.12 32.75 105.04 48.57 176.76 
mean 1636.83 2302.84 317.09 966.11 16.99 31.63 50.76 42.04 16.38 35.01 16.19 58.92 
st dev 212.26 270.79 18.95 61.79   15.84 9.89 11.36 0.11 11.87 3.49 2.49 
2007 #5 4/20/09 459.36 1114.74 3135.08 1991.05 27.85 34.56 191.59 150.01 12.82 21.01 58.54 71.36 
Duplicate 479.36 3505.84 2659.88 1727.23 10.32 12.44 91.50 78.43 ND 13.09 54.62 69.58 
Triplicate 292.13 3588.70 2886.49 1744.60 16.87 27.63 170.05 90.69 ND 17.94 61.22 74.43 
total 1230.85 8209.28 8681.45 5462.87 55.04 74.62 453.15 319.12 12.82 52.04 174.37 215.37 
mean 410.28 2736.43 2893.82 1820.96 18.35 24.87 151.05 106.37 12.82 17.35 58.12 71.79 
st dev 102.81 1405.04 237.69 147.56 8.86 11.31 52.68 38.28   3.99 3.32 2.45 
2007 #6 10/29/08 1297.13 4448.75 1607.59 1091.55 25.27 24.09 68.58 53.25 16.46 23.97 29.45 54.77 
Duplicate 1274.59 3393.11 808.13 981.34 11.53 ND 27.01 34.41 10.10 14.66 15.56 49.95 
Triplicate 1109.43 4181.35 1358.52 1337.55 18.24 25.75 62.31 57.39 9.59 20.00 27.87 66.69 
total 3681.15 12023.20 3774.24 3410.44 55.05 49.84 157.90 145.05 36.15 58.63 72.88 171.41 
mean 1227.05 4007.73 1258.08 1136.81 18.35 24.92 52.63 48.35 12.05 19.54 24.29 57.14 
st dev 102.49 548.82 409.08 182.37 6.87 1.17 22.41 12.25 3.83 4.67 7.61 8.62 
2007 #6 04/20/08 938.24 7895.35 3773.16 1838.68 23.96 24.63 171.33 53.82 11.24 33.78 49.54 27.72 
Duplicate 1240.63 6787.45 2783.48 1574.64 13.99 ND 74.57 37.45 12.37 27.56 36.66 56.85 
Triplicate 696.35 7364.35 3050.17 1671.17 16.94 26.46 93.51 52.44 ND 32.00 44.74 63.01 
total 2875.22 22047.16 9606.81 5084.49 54.89 51.09 339.40 143.71 23.60 93.34 130.94 147.59 
mean 958.41 7349.05 3202.27 1694.83 18.30 25.55 113.13 47.90 11.80 31.11 43.65 49.20 
st dev 272.70 554.11 512.07 133.60 5.12 1.29 51.28 9.08 0.80 3.21 6.51 18.85 
2007 #7 10/29/08 941.79 3697.40 284.46 682.54 18.27 33.69 22.81 28.31 13.82 27.92 16.86 51.57 
Duplicate 874.91 3063.62 247.75 921.75 ND 18.71 ND 23.45 ND 17.44 ND 48.78 
Triplicate 983.70 4007.50 227.73 754.18 14.42 37.64 24.49 33.28 9.65 25.07 14.15 55.26 
total 2800.41 10768.53 759.94 2358.46 32.69 90.04 47.30 85.05 23.47 70.43 31.01 155.60 
mean 933.47 3589.51 253.31 786.15 16.34 30.01 23.65 28.35 11.74 23.48 15.50 51.87 
st dev 54.87 481.10 28.77 122.77 2.72 9.99 1.19 4.91 2.96 5.42 1.92 3.25 





 Manganese Lead Antimony 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
2007 #7 4/20/09 316.56 3642.11 315.25 729.72 25.09 29.37 22.68 28.57 14.05 51.95 14.05 51.95 
Duplicate 298.96 286.62 379.57 905.40 21.43 22.87 22.20 36.44 ND 21.43 12.71 51.70 
Triplicate 418.49 3838.03 313.96 755.05 15.56 30.23 25.11 30.91 12.29 31.14 12.39 51.67 
total 1034.01 7766.75 1008.79 2390.17 62.08 82.46 69.99 95.93 26.34 104.52 39.14 155.33 
mean 344.67 2588.92 336.26 796.72 20.69 27.49 23.33 31.98 13.17 34.84 13.05 51.78 
st dev 64.53 1996.25 37.51 94.96 4.81 4.03 1.56 4.04 1.25 15.59 0.88 0.15 
1985 # 8 10/30/08 6934.05 7764.08 4102.36 2414.93 90.56 55.91 244.36 22.84 32.55 63.39 79.41 153.81 
Duplicate 6619.11 6020.26 3750.07 2743.17 16.76 37.60 160.14 109.54 25.87 42.03 63.00 114.22 
Triplicate 7215.46 8365.81 3803.95 2384.64 16.85 61.98 264.52 173.48 33.39 66.19 74.41 133.35 
total 20768.62 22150.15 11656.38 7542.73 124.16 155.49 669.03 305.85 91.80 171.61 216.83 401.38 
mean 6922.87 7383.38 3885.46 2514.24 41.39 51.83 223.01 101.95 30.60 57.20 72.28 133.79 
st dev 298.33 1218.24 189.77 198.83 42.58 12.69 55.37 75.61 4.12 13.21 8.41 19.80 
1985 #8 4/21/09 1022.39 13204.24 9935.90 2846.80 81.03 47.45 231.54 21.21 13.97 18.77 98.18 92.42 
Duplicate 853.57 10348.29 9006.32 3509.46 15.00 32.40 147.52 84.09 ND 11.78 75.78 91.79 
Triplicate 1023.58 14319.28 10163.34 3009.94 15.61 56.93 257.32 78.10 9.95 18.71 101.83 99.57 
total 2899.54 37871.81 29105.56 9366.20 111.64 136.78 636.38 183.40 23.92 49.26 275.80 283.78 
mean 966.51 12623.94 9701.85 3122.07 37.21 45.59 212.13 61.13 11.96 16.42 91.93 94.59 
st dev 97.82 2048.11 612.99 345.27 37.95 12.37 57.42 34.70 2.84 4.02 14.11 4.32 
1985 #9 10/30/08 1443.67 2208.59 2850.93 1214.76 63.56 10.25 65.67 20.45 14.75 14.54 41.59 77.21 
Duplicate 1383.74 1762.62 2650.35 1361.20 14.64 ND 58.50 67.29 ND ND 31.76 79.40 
Triplicate 1591.95 2694.98 2941.97 1295.13 12.78 ND 74.86 66.90 10.35 12.34 39.11 79.66 
total 4419.36 6666.19 8443.24 3871.08 90.99 10.25 199.03 154.64 25.10 26.88 112.46 236.27 
mean 1473.12 2222.06 2814.41 1290.36 30.33 10.25 66.34 51.55 12.55 13.44 37.49 78.76 
st dev 107.18 466.32 149.20 73.33 28.80   8.20 26.93 3.11 1.55 5.11 1.35 
1985 #9 4/21/09 371.23 2132.28 368.10 368.10 60.74 13.92 53.19 26.79 12.62 10.50 40.26 68.30 
Duplicate 312.61 1748.96 2296.68 1188.16 11.68 ND 46.80 64.52 ND ND 31.35 59.77 
Triplicate 660.72 2228.70 2733.73 1183.74 9.87 11.21 61.15 63.97 11.63 ND 42.37 62.04 
total 1344.56 6109.95 5398.52 2740.01 82.29 25.13 161.14 155.28 24.25 10.50 113.98 190.12 
mean 448.19 2036.65 1799.51 913.34 27.43 12.57 53.71 51.76 12.12 10.50 37.99 63.37 
st dev 186.38 253.77 1258.74 472.19 28.86 1.92 7.19 21.63 0.70 --- 5.85 4.42 
NAT #10 10/30/08 8424.29 9835.36 5552.44 3247.10 20.17 31.59 241.47 214.36 26.68 46.88 71.31 168.62 
Duplicate 7517.28 7436.99 5063.36 3198.52 13.03 24.09 156.92 148.54 18.24 29.30 54.55 108.37 
Triplicate 8178.14 9318.91 5401.96 3239.43 18.75 28.89 259.70 221.32 23.94 42.43 66.23 129.21 
total 24119.71 26591.26 16017.76 9685.05 51.95 84.56 658.09 584.21 68.85 118.61 192.09 406.20 
mean 8039.90 8863.75 5339.25 3228.35 17.32 28.19 219.36 194.74 22.95 39.54 64.03 135.40 
st dev 469.04 1262.30 250.50 26.12 3.78 3.80 54.84 40.16 4.30 9.14 8.59 30.60 





 Manganese Lead Antimony 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
-----------------------------------------------------------------------------------------ppb------------------------------------------------------------------------------------------ 
NAT #10 4/21/29 602.91 4373.70 8847.83 2799.78 10.36 12.03 206.50 93.11 11.94 ND 63.03 169.48 
Duplicate 463.78 4795.47 9660.24 3484.54 20.22 ND 132.91 96.93 ND ND 60.48 106.56 
Triplicate 472.48 4338.33 9266.50 2962.25 17.31 17.44 193.18 85.55 ND ND 61.44 162.54 
total 1539.18 13507.50 27774.56 9246.57 47.89 29.47 532.59 275.58 11.94 0.00 184.96 438.59 
mean 513.06 4502.50 9258.19 3082.19 15.96 14.74 177.53 91.86 11.94 0.00 61.65 146.20 
st dev 77.94 254.33 406.27 357.79 5.06 3.82 39.21 5.79 --- --- 1.29 34.50 
NAT # 11 10/30/08 9021.55 95.09 3461.05 2694.54 14.80 40.57 433.68 374.23 30.02 42.56 52.09 227.07 
Duplicate 8493.83 7301.51 3256.32 2547.89 13.08 37.00 237.16 207.85 23.23 38.78 12.81 58.63 
Triplicate 9010.21 6669.04 3492.82 2504.89 20.61 36.90 245.23 194.29 30.17 40.72 56.16 142.07 
total 26525.59 14065.64 10210.19 7747.32 48.48 114.47 916.08 776.36 83.43 122.06 121.07 427.77 
mean 8841.86 4688.55 3403.40 2582.44 16.16 38.16 305.36 258.79 27.81 40.69 40.36 142.59 
st dev 301.46 3990.60 128.36 99.44 3.95 2.09 111.20 100.20 3.96 1.89 23.94 84.22 
NAT #11 4/21/09 3862.21 6951.67 9114.19 5130.53 15.35 21.49 449.20 486.64 13.19 21.63 267.23 218.81 
Duplicate 735.23 34.53 7533.57 166593.15 ND ND 210.03 210.78 ND ND 145.46 109.17 
Triplicate 4084.02 6128.75 7447.61 3576.14 19.32 21.37 233.92 207.56 12.68 19.78 175.63 139.46 
total 8681.45 13114.95 24095.37 175299.81 34.67 42.87 893.15 904.98 25.87 41.41 588.32 467.45 
mean 2893.82 4371.65 8031.79 58433.27 17.34 21.43 297.72 301.66 12.93 20.71 196.11 155.82 






 F 1 F2 F3 F4 
---------------------------------------------ppb---------------------------------------- 
1995 #1 4/20/09 282.89 267.89 162.07 922.28 
Duplicate 294.22 351.03 178.31 958.24 
Triplicate 315.00 348.75 196.09 770.62 
total 892.11 967.67 536.47 2651.13 
mean 297.37 322.56 178.82 883.71 
st dev 16.29 47.36 17.02 99.58 
1995 #1 10/29/08 651.03 113.36 71.39 911.16 
Duplicate 707.88 141.05 85.20 992.05 
Triplicate 622.32 155.75 88.62 910.87 
total 1981.24 410.16 245.22 2814.08 
mean 660.41 136.72 81.74 938.03 
st dev 43.54 21.52 9.12 46.79 
1995 #2 10/29/08 ND 62.01 14.37 301.38 
Duplicate ND 85.18 18.59 318.10 
Triplicate 11.32 79.33 18.27 284.29 
total 11.32 226.53 51.23 903.78 
mean 11.32 75.51 17.08 301.26 
st dev --- 12.05 2.35 16.91 
1995 #2 4/20/09 10.84 114.91 90.87 656.61 
Duplicate 12.75 146.03 112.21 614.28 
Triplicate ND 150.69 112.18 622.25 
total 23.59 411.64 315.26 1893.14 
mean 11.80 137.21 105.09 631.05 
st dev 1.35 19.45 12.32 22.49 
1995 #3 4/20/09 153.96 152.25 110.90 671.26 
Duplicate 179.35 178.94 135.56 814.52 
Triplicate 168.40 189.85 142.91 766.46 
total 501.71 521.03 389.36 2252.25 
mean 167.24 173.68 129.79 750.75 
st dev 12.73 19.34 16.77 72.91 
1995 #4 10/29/08 484.20 179.38 96.83 684.73 
Duplicate 517.67 201.59 128.86 972.38 
Triplicate 511.03 209.71 132.29 807.28 
total 1512.90 590.68 357.98 2464.40 
mean 504.30 196.89 119.33 821.47 
st dev 17.72 15.70 19.56 144.35 






 F 1 F2 F3 F4 
---------------------------------------------ppb---------------------------------------- 
1995 #4 4/20/09 353.95 74.57 54.90 648.95 
Duplicate 365.15 99.88 79.23 864.44 
Triplicate 391.10 90.30 85.03 660.67 
total 1110.21 264.74 219.17 2174.06 
mean 370.07 88.25 73.06 724.69 
st dev 19.05 12.78 15.99 121.18 
2007 #5 10/29/08 20.18 121.29 49.21 413.17 
Duplicate 37.01 154.04 40.31 362.71 
Triplicate 37.17 174.79 52.96 354.91 
total 94.36 450.12 142.48 1130.78 
mean 31.45 150.04 47.49 376.93 
st dev 9.77 26.98 6.50 31.63 
2007 #5 4/20/09 33.79 182.84 95.58 608.30 
Duplicate 17.47 155.83 91.07 552.42 
Triplicate 17.27 157.23 92.40 573.50 
total 68.54 495.90 279.04 1734.22 
mean 22.85 165.30 93.01 578.07 
st dev 9.48 15.21 2.32 28.22 
2007 #6 10/29/08 18.36 134.49 57.89 328.71 
Duplicate 25.57 106.36 22.91 303.40 
Triplicate ND 119.63 56.15 384.18 
total 43.92 360.48 136.95 1016.29 
mean 21.96 120.16 45.65 338.76 
st dev 5.10 14.08 19.71 41.32 
2007 #6 04/20/08 37.71 286.12 131.51 467.69 
Duplicate 61.63 267.38 116.03 398.94 
Triplicate ND 277.64 105.48 443.35 
total 99.33 831.13 353.01 1309.98 
mean 49.67 277.04 117.67 436.66 
st dev 16.92 9.39 13.09 34.86 
2007 #7 10/29/08 9.98 95.22 25.40 198.62 
Duplicate ND 96.28 ND 241.51 
Triplicate 10.25 95.02 23.45 221.13 
total 20.23 286.52 48.86 661.26 
mean 10.11 95.51 24.43 220.42 
st dev 0.19 0.67 1.38 21.45 






 F 1 F2 F3 F4 
---------------------------------------------ppb---------------------------------------- 
2007 #7 4/20/09 ND 92.93 23.02 203.78 
Duplicate ND 99.60 28.97 254.91 
Triplicate ND 122.87 24.30 222.62 
total 0.00 315.40 76.29 681.32 
mean 0.00 105.13 25.43 227.11 
st dev --- 15.72 3.13 25.86 
1985 # 8 10/30/08 85.56 371.31 205.04 702.07 
Duplicate 93.62 292.59 182.22 821.92 
Triplicate 100.82 403.09 206.92 707.93 
total 280.00 1067.00 594.18 2231.92 
mean 93.33 355.67 198.06 743.97 
st dev 7.63 56.89 13.75 67.56 
1985 #8 4/21/09 ND 492.86 212.17 544.55 
Duplicate 17.74 408.69 181.10 568.54 
Triplicate 18.72 541.41 221.11 592.20 
total 36.46 1442.97 614.38 1705.29 
mean 18.23 480.99 204.79 568.43 
st dev 0.69 67.15 21.00 23.82 
1985 #9 10/30/08 448.80 148.70 89.14 414.97 
Duplicate 29.62 133.45 85.02 508.66 
Triplicate 37.43 182.60 97.67 485.98 
total 515.85 464.75 271.84 1409.62 
mean 171.95 154.92 90.61 469.87 
st dev 239.79 25.16 6.45 48.88 
1985 #9 4/21/09 ND 85.63 45.82 368.10 
Duplicate ND 84.85 48.35 382.00 
Triplicate ND 100.69 54.91 384.95 
total 0.00 271.17 149.09 1135.05 
mean 0.00 90.39 49.70 378.35 
st dev --- 8.93 4.69 9.00 
NAT #10 10/30/08 90.75 252.64 162.49 691.41 
Duplicate 83.60 216.21 155.10 756.92 
Triplicate 117.01 283.71 177.57 850.08 
total 291.37 752.57 495.15 2298.41 
mean 97.12 250.86 165.05 766.14 
st dev 17.59 33.78 11.45 79.73 






 F 1 F2 F3 F4 
---------------------------------------------ppb---------------------------------------- 
NAT #10 4/21/29 15.37 129.95 126.48 532.11 
Duplicate ND 177.53 151.75 627.62 
Triplicate ND 155.98 130.76 606.11 
total 15.37 463.46 408.99 1765.84 
mean 15.37 154.49 136.33 588.61 
st dev --- 23.83 13.52 50.10 
NAT # 11 10/30/08 117.48 68.53 260.16 1047.01 
Duplicate 105.71 272.88 154.40 747.13 
Triplicate 122.73 263.61 175.55 1016.27 
total 345.92 605.02 590.11 2810.42 
mean 115.31 201.67 196.70 936.81 
st dev 8.71 115.40 55.97 164.98 
NAT #11 4/21/09 63.32 340.80 354.03 1423.10 
Duplicate 12.93 ND 173.32 595.24 
Triplicate 60.91 270.06 222.26 921.67 
total 137.16 610.87 749.61 2940.01 
mean 45.72 305.43 249.87 980.00 






Raw Data – Southwest Pass  
 Aluminum Arsenic Barium 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
--------------------------------------------------------------------------------------ppb-------------------------------------------------------------------------------------- 
2007 #3 top 4/14/09 768.44 2632.20 11398.89 67549.67 13.38 427.64 399.88 374.47 1390.17 1092.89 383.21 442.28 
Duplicate ND ND 4785.05 65771.64 17.48 15.96 167.06 179.12 ND ND 285.63 307.09 
Triplicate 408.24 389.07 3456.96 46894.07 15.07 221.17 175.50 204.79 1593.08 798.33 258.96 355.02 
total 1176.69 3021.27 19640.90 180215.38 45.93 664.77 742.44 758.39 2983.25 1891.22 927.80 1104.39 
mean 588.34 1510.63 6546.97 60071.79 15.31 221.59 247.48 252.80 1491.62 945.61 309.27 368.13 
st dev 254.70 1586.14 4254.04 11446.82 2.06 205.84 132.05 106.15 143.48 208.28 65.41 68.54 
1985 #6 4/15/09 743.13 3810.10 5453.18 67236.54 11.17 429.83 357.32 347.05 1049.50 970.94 472.22 577.83 
Duplicate ND ND 9637.53 56569.26 ND ND 177.64 181.48 ND ND 198.10 204.84 
Triplicate 113.03 4471.90 10486.79 60857.47 ND 240.82 214.61 230.08 493.48 658.44 252.00 299.63 
total 856.16 8282.01 25577.50 184663.27 11.17 670.65 749.58 758.61 1542.98 1629.38 922.32 1082.30 
mean 428.08 4141.00 8525.83 61554.42 11.17 335.33 249.86 252.87 771.49 814.69 307.44 360.77 
st dev 445.55 467.97 2694.66 5367.68   133.65 94.88 85.11 393.16 220.97 145.22 193.87 
NAT #4 10/15/08 642.16 1032.74 5319.83 63976.38 17.48 433.10 408.43 334.48 1062.31 1366.00 699.65 654.08 
Duplicate ND 491.89 3982.64 51681.62 10.17 167.47 169.75 152.25 509.13 609.81 253.63 217.79 
Triplicate 59.51 178.09 4526.14 51668.41 ND 230.60 228.43 214.65 1079.53 480.35 433.93 127.56 
total 701.67 1702.71 13828.61 167326.41 27.65 831.17 806.61 701.38 2650.98 2456.15 1387.22 999.43 
mean 350.84 567.57 4609.54 55775.47 13.82 277.06 268.87 233.79 883.66 818.72 462.41 333.14 





 Beryllium Cadmium Cobalt 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
--------------------------------------------------------------------------------------ppb-------------------------------------------------------------------------------------- 
2007 #3 top 4/14/09 ND ND ND 14.05 16.17 ND ND 10.26 19.15 36.92 36.25 117.03 
Duplicate ND ND ND ND ND ND ND ND ND ND 21.94 56.06 
Triplicate ND ND ND 9.36 15.69 ND ND ND 15.84 26.30 26.38 75.20 
total 0.00 0.00 0.00 23.41 31.86 0.00 0.00 10.26 34.99 63.22 84.56 248.29 
mean 0.00 0.00 0.00 11.70 15.93 0.00 0.00 10.26 17.50 31.61 28.19 82.76 
st dev --- --- --- 3.32 0.34 --- --- --- 2.34 7.51 7.33 31.18 
1985 #6 4/15/09 ND ND ND 10.91 15.54 ND ND ND 21.35 39.20 35.11 79.47 
Duplicate ND ND ND 10.09 ND ND ND ND ND ND 20.36 52.15 
Triplicate ND ND ND 13.87 18.47 ND ND ND 23.24 45.49 36.12 105.79 
total 0.00 0.00 0.00 34.87 34.01 0.00 0.00 0.00 44.59 84.69 91.59 237.41 
mean 0.00 0.00 0.00 11.62 17.01 0.00 0.00 0.00 22.29 42.35 30.53 79.14 
st dev --- --- --- 1.99 2.07 --- --- --- 1.33 4.44 8.82 26.82 
NAT #4 10/15/08 ND ND ND 13.19 11.50 9.31 ND ND ND 9.15 41.14 103.34 
Duplicate ND ND ND 9.36 ND ND ND ND ND ND 13.71 30.20 
Triplicate ND ND ND 11.74 12.55 10.51 ND ND ND ND 40.30 100.87 
total 0.00 0.00 0.00 34.29 24.05 19.82 0.00 0.00 0.00 9.15 95.15 234.41 
mean 0.00 0.00 0.00 11.43 12.03 9.91 0.00 0.00 0.00 9.15 31.72 78.14 





 Chromium Copper Iron 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
--------------------------------------------------------------------------------------ppb-------------------------------------------------------------------------------------- 
2007 #3 top 4/14/09 68.94 24.90 63.05 ND 16.23 33.64 347.53 ND 1119.37 3986.20 45929.25 158025.69 
Duplicate ND ND 44.07 ND ND 45.31 ND 39.49 270.53 ND 44179.34 72775.57 
Triplicate 60.30 15.21 48.10 96.40 25.41 25.59 174.13 35.88 687.56 2776.84 39529.12 76331.87 
total 129.25 40.11 155.23 96.40 41.64 104.54 521.66 75.37 2077.46 6763.04 129637.71 307133.13 
mean 64.62 20.05 51.74 96.40 20.82 34.85 260.83 37.69 692.49 3381.52 43212.57 102377.71 
st dev 6.11 6.85 10.00   6.50 9.92 122.62 2.56 424.44 855.15 3307.78 48225.36 
1985 #6 4/15/09 64.20 33.51 54.52 139.51 14.43 46.18 330.58 39.88 940.21 4343.07 52780.84 97556.23 
Duplicate ND ND 49.49 ND ND ND 216.90 77.00 ND ND 32076.81 91089.08 
Triplicate 57.68 17.45 59.02 122.53 9.29 38.85 222.82 85.36 170.79 3995.93 42598.03 149943.67 
total 121.88 50.96 163.03 262.04 23.72 85.03 770.30 202.24 1111.00 8339.00 127455.68 338588.98 
mean 60.94 25.48 54.34 131.02 11.86 42.51 256.77 67.41 555.50 4169.50 42485.23 112862.99 
st dev 4.62 11.35 4.77 12.00 3.63 5.19 64.00 24.21 544.06 245.47 10352.47 32275.20 
NAT #4 10/15/08 69.35 14.58 60.23 119.78 20.72 36.39 164.26 52.29 698.58 4125.65 58452.22 91238.97 
Duplicate 60.36 8.04 37.34 68.72 9.79 28.62 124.34 32.99 173.39 1996.19 29845.72 36092.40 
Triplicate 58.13 13.59 52.83 100.78 16.21 32.10 139.80 35.33 169.26 3714.31 56600.96 81926.10 
total 187.85 36.20 150.41 289.28 46.72 97.11 428.40 120.60 1041.23 9836.16 144898.89 209257.47 
mean 62.62 12.07 50.14 96.43 15.57 32.37 142.80 40.20 347.08 3278.72 48299.63 69752.49 





 Manganese Lead Antimony 
 F 1 F2 F3 F4 F 1 F2 F3 F4 F 1 F2 F3 F4 
--------------------------------------------------------------------------------------ppb-------------------------------------------------------------------------------------- 
2007 #3 top 4/14/09 6471.99 5736.21 1281.38 4059.59 19.15 53.10 150.95 78.10 25.43 40.09 38.74 248.10 
Duplicate 23.01 ND 1704.57 1124.43 ND ND 65.19 45.37 ND ND 27.54 67.30 
Triplicate 4248.89 4188.71 1696.47 1166.85 23.72 41.43 97.27 94.60 24.11 31.03 30.66 84.64 
total 10743.89 9924.93 4682.43 6350.87 42.87 94.53 313.41 218.07 49.54 71.12 96.94 400.03 
mean 3581.30 4962.46 1560.81 2116.96 21.44 47.26 104.47 72.69 24.77 35.56 32.31 133.34 
st dev 3275.91 1094.25 242.02 1682.50 3.23 8.25 43.33 25.05 0.93 6.40 5.78 99.76 
1985 #6 4/15/09 7164.27 5588.78 2645.13 1693.44 14.96 58.22 105.78 92.69 28.34 44.80 38.84 91.60 
Duplicate ND ND 796.32 2346.77 ND ND 71.60 15.92 ND ND 26.17 62.05 
Triplicate 8253.61 5600.96 1112.95 3417.07 20.87 72.13 150.12 47.61 30.55 52.39 40.12 120.05 
total 15417.87 11189.75 4554.40 7457.29 35.83 130.35 327.50 156.22 58.90 97.20 105.13 273.69 
mean 7708.94 5594.87 1518.13 2485.76 17.92 65.18 109.17 52.07 29.45 48.60 35.04 91.23 
st dev 770.28 8.61 988.76 870.18 4.18 9.83 39.37 38.58 1.56 5.36 7.71 29.00 
NAT #4 10/15/08 845.05 7664.49 8192.84 2524.55 14.98 25.61 145.16 101.98 11.63 10.53 46.18 119.08 
Duplicate 501.74 5351.84 4654.61 1216.91 ND ND 34.48 13.41 ND ND 16.71 37.90 
Triplicate 702.82 7120.40 6840.34 1986.75 21.98 28.27 145.40 87.63 9.65 9.97 45.33 118.30 
total 2049.61 20136.73 19687.78 5728.21 36.96 53.88 325.04 203.02 21.28 20.50 108.21 275.28 
mean 683.20 6712.24 6562.59 1909.40 18.48 26.94 108.35 67.67 10.64 10.25 36.07 91.76 






 F 1 F2 F3 F4 
---------------------------------------------ppb---------------------------------------- 
2007 #3 top 4/14/09 178.98 404.18 281.82 886.68 
Duplicate ND 59.07 66.72 364.69 
Triplicate 90.96 261.88 85.06 618.22 
total 269.94 725.12 433.61 1869.58 
mean 134.97 241.71 144.54 623.19 
st dev 62.24 173.44 119.24 261.03 
1985 #6 4/15/09 82.48 421.67 195.56 827.46 
Duplicate ND ND 92.95 287.27 
Triplicate 84.67 344.38 182.51 721.97 
total 167.15 766.06 471.02 1836.70 
mean 83.58 383.03 157.01 612.23 
st dev 1.55 54.65 55.85 286.33 
NAT #4 10/15/08 19.52 192.71 112.83 553.99 
Duplicate ND 95.64 38.15 153.32 
Triplicate 7.16 250.08 127.15 667.97 
total 26.68 538.43 278.13 1375.28 
mean 13.34 179.48 92.71 458.43 










data one; set sasuser.amandsjo;  
*proc contents data = consult.mineral; 
run; 
ods rtf file='c:\marx\lsu projects\rayferrell\Amandout.doc'; 
proc sort data=one;; 
by element; 
*proc print; run; 
proc mixed data=one; 
by element; 
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 F Value Pr > F 
Location 2 38 0.92 0.4059 
Phase 3 379 451.66 <.0001 
Location*Phase 6 379 1.92 0.0765 
SiteType 1 38 1.78 0.1899 
Location*SiteType 2 38 0.63 0.5380 
Phase*SiteType 3 379 3.90 0.0091 
Locati*Phase*SiteTyp 6 379 1.77 0.1038 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   3.5477 0.06550 38 54.16 <.0001 
Location 2   3.4269 0.06006 38 57.06 <.0001 
Location 3   3.4850 0.1339 38 26.03 <.0001 
Phase  1  2.3807 0.07464 379 31.89 <.0001 
Phase  2  2.9236 0.07139 379 40.95 <.0001 
Phase  3  3.8262 0.06514 379 58.74 <.0001 
Phase  4  4.8156 0.06514 379 73.93 <.0001 
Location*Phase 1 1  2.3826 0.1047 379 22.75 <.0001 
Location*Phase 1 2  3.0033 0.1047 379 28.68 <.0001 
Location*Phase 1 3  3.9857 0.07500 379 53.14 <.0001 
Location*Phase 1 4  4.8190 0.07500 379 64.25 <.0001 
Location*Phase 2 1  2.3113 0.07593 379 30.44 <.0001 
Location*Phase 2 2  2.7863 0.07593 379 36.70 <.0001 
Location*Phase 2 3  3.7445 0.07456 379 50.22 <.0001 
Location*Phase 2 4  4.8656 0.07456 379 65.26 <.0001 
Location*Phase 3 1  2.4482 0.1828 379 13.39 <.0001 
Location*Phase 3 2  2.9813 0.1707 379 17.47 <.0001 
Location*Phase 3 3  3.7484 0.1643 379 22.81 <.0001 
Location*Phase 3 4  4.7624 0.1643 379 28.98 <.0001 
SiteType   1 3.5580 0.05813 38 61.21 <.0001 
 
The SAS System 





Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
SiteType   2 3.4150 0.08998 38 37.95 <.0001 
Location*SiteType 1  1 3.6143 0.05858 38 61.69 <.0001 
Location*SiteType 1  2 3.4811 0.1172 38 29.71 <.0001 
Location*SiteType 2  1 3.4268 0.05222 38 65.62 <.0001 
Location*SiteType 2  2 3.4270 0.1082 38 31.68 <.0001 
Location*SiteType 3  1 3.6331 0.1557 38 23.33 <.0001 
Location*SiteType 3  2 3.3370 0.2178 38 15.32 <.0001 
Phase*SiteType  1 1 2.5347 0.07997 379 31.70 <.0001 
Phase*SiteType  1 2 2.2267 0.1261 379 17.66 <.0001 
Phase*SiteType  2 1 3.0813 0.07997 379 38.53 <.0001 
Phase*SiteType  2 2 2.7660 0.1183 379 23.38 <.0001 
Phase*SiteType  3 1 3.8367 0.07050 379 54.42 <.0001 
Phase*SiteType  3 2 3.8157 0.1095 379 34.83 <.0001 
Phase*SiteType  4 1 4.7794 0.07050 379 67.79 <.0001 
Phase*SiteType  4 2 4.8519 0.1095 379 44.29 <.0001 
Locati*Phase*SiteTyp 1 1 1 2.4722 0.09366 379 26.39 <.0001 
Locati*Phase*SiteTyp 1 1 2 2.2931 0.1873 379 12.24 <.0001 
Locati*Phase*SiteTyp 1 2 1 3.0857 0.09366 379 32.94 <.0001 
Locati*Phase*SiteTyp 1 2 2 2.9209 0.1873 379 15.59 <.0001 
Locati*Phase*SiteTyp 1 3 1 4.0670 0.06708 379 60.63 <.0001 
Locati*Phase*SiteTyp 1 3 2 3.9044 0.1342 379 29.10 <.0001 
Locati*Phase*SiteTyp 1 4 1 4.8321 0.06708 379 72.03 <.0001 
Locati*Phase*SiteTyp 1 4 2 4.8059 0.1342 379 35.82 <.0001 
Locati*Phase*SiteTyp 2 1 1 2.5267 0.06508 379 38.82 <.0001 
Locati*Phase*SiteTyp 2 1 2 2.0958 0.1372 379 15.27 <.0001 
Locati*Phase*SiteTyp 2 2 1 2.8477 0.06508 379 43.76 <.0001 
Locati*Phase*SiteTyp 2 2 2 2.7249 0.1372 379 19.86 <.0001 
Locati*Phase*SiteTyp 2 3 1 3.6071 0.06508 379 55.43 <.0001 
Locati*Phase*SiteTyp 2 3 2 3.8820 0.1342 379 28.93 <.0001 
Locati*Phase*SiteTyp 2 4 1 4.7256 0.06508 379 72.61 <.0001 
Locati*Phase*SiteTyp 2 4 2 5.0055 0.1342 379 37.31 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 1 2.6052 0.2111 379 12.34 <.0001 
Locati*Phase*SiteTyp 3 1 2 2.2911 0.2985 379 7.68 <.0001 
Locati*Phase*SiteTyp 3 2 1 3.3104 0.2111 379 15.68 <.0001 
Locati*Phase*SiteTyp 3 2 2 2.6522 0.2683 379 9.88 <.0001 
Locati*Phase*SiteTyp 3 3 1 3.8361 0.1897 379 20.22 <.0001 
Locati*Phase*SiteTyp 3 3 2 3.6606 0.2683 379 13.64 <.0001 
Locati*Phase*SiteTyp 3 4 1 4.7805 0.1897 379 25.20 <.0001 
Locati*Phase*SiteTyp 3 4 2 4.7442 0.2683 379 17.68 <.0001 
 
The SAS System 










DF F Value Pr > F 
Location 2 38 1.34 0.2752 
Phase 3 349 149.90 <.0001 
Location*Phase 6 349 0.20 0.9772 
SiteType 1 38 0.00 0.9923 
Location*SiteType 2 38 0.12 0.8862 
Phase*SiteType 3 349 0.09 0.9656 
Locati*Phase*SiteTyp 6 349 1.76 0.1064 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   1.9811 0.03404 38 58.20 <.0001 
Location 2   2.0477 0.02591 38 79.05 <.0001 
Location 3   2.0530 0.05644 38 36.37 <.0001 
Phase  1  1.1521 0.05175 349 22.26 <.0001 
Phase  2  2.2858 0.04382 349 52.17 <.0001 
Phase  3  2.3415 0.03821 349 61.28 <.0001 
Phase  4  2.3297 0.03821 349 60.98 <.0001 
Location*Phase 1 1  1.1281 0.08557 349 13.18 <.0001 
Location*Phase 1 2  2.2030 0.07415 349 29.71 <.0001 
Location*Phase 1 3  2.3029 0.04399 349 52.35 <.0001 
Location*Phase 1 4  2.2903 0.04399 349 52.06 <.0001 
Location*Phase 2 1  1.1888 0.05632 349 21.11 <.0001 
Location*Phase 2 2  2.3300 0.04373 349 53.28 <.0001 
Location*Phase 2 3  2.3380 0.04373 349 53.46 <.0001 
Location*Phase 2 4  2.3340 0.04373 349 53.37 <.0001 
Location*Phase 3 1  1.1396 0.1167 349 9.77 <.0001 
Location*Phase 3 2  2.3244 0.09933 349 23.40 <.0001 
Location*Phase 3 3  2.3836 0.09638 349 24.73 <.0001 
Location*Phase 3 4  2.3647 0.09638 349 24.53 <.0001 
SiteType   1 2.0270 0.02614 38 77.55 <.0001 
SiteType   2 2.0275 0.03932 38 51.56 <.0001 
 
The SAS System 





Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  1 1.9958 0.03594 38 55.53 <.0001 
Location*SiteType 1  2 1.9664 0.05782 38 34.01 <.0001 
Location*SiteType 2  1 2.0490 0.02232 38 91.78 <.0001 
Location*SiteType 2  2 2.0464 0.04675 38 43.77 <.0001 
Location*SiteType 3  1 2.0364 0.06602 38 30.85 <.0001 
Location*SiteType 3  2 2.0697 0.09157 38 22.60 <.0001 
Phase*SiteType  1 1 1.1694 0.05980 349 19.56 <.0001 
Phase*SiteType  1 2 1.1349 0.08449 349 13.43 <.0001 
Phase*SiteType  2 1 2.2705 0.04779 349 47.51 <.0001 
Phase*SiteType  2 2 2.3011 0.07345 349 31.33 <.0001 
Phase*SiteType  3 1 2.3358 0.04135 349 56.48 <.0001 
Phase*SiteType  3 2 2.3472 0.06426 349 36.53 <.0001 
Phase*SiteType  4 1 2.3324 0.04135 349 56.40 <.0001 
Phase*SiteType  4 2 2.3269 0.06426 349 36.21 <.0001 
Locati*Phase*SiteTyp 1 1 1 1.0564 0.1081 349 9.77 <.0001 
Locati*Phase*SiteTyp 1 1 2 1.1998 0.1326 349 9.05 <.0001 
Locati*Phase*SiteTyp 1 2 1 2.2142 0.06632 349 33.39 <.0001 
Locati*Phase*SiteTyp 1 2 2 2.1918 0.1326 349 16.52 <.0001 
Locati*Phase*SiteTyp 1 3 1 2.3811 0.03935 349 60.51 <.0001 
Locati*Phase*SiteTyp 1 3 2 2.2248 0.07870 349 28.27 <.0001 
Locati*Phase*SiteTyp 1 4 1 2.3314 0.03935 349 59.25 <.0001 
Locati*Phase*SiteTyp 1 4 2 2.2493 0.07870 349 28.58 <.0001 
Locati*Phase*SiteTyp 2 1 1 1.2977 0.04701 349 27.61 <.0001 
Locati*Phase*SiteTyp 2 1 2 1.0799 0.1024 349 10.55 <.0001 
Locati*Phase*SiteTyp 2 2 1 2.3564 0.03817 349 61.73 <.0001 
Locati*Phase*SiteTyp 2 2 2 2.3037 0.07870 349 29.27 <.0001 
Locati*Phase*SiteTyp 2 3 1 2.2591 0.03817 349 59.18 <.0001 
Locati*Phase*SiteTyp 2 3 2 2.4168 0.07870 349 30.71 <.0001 
Locati*Phase*SiteTyp 2 4 1 2.2828 0.03817 349 59.80 <.0001 
Locati*Phase*SiteTyp 2 4 2 2.3852 0.07870 349 30.31 <.0001 
Locati*Phase*SiteTyp 3 1 1 1.1542 0.1352 349 8.54 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 2 1.1249 0.1902 349 5.91 <.0001 
Locati*Phase*SiteTyp 3 2 1 2.2409 0.1212 349 18.48 <.0001 
Locati*Phase*SiteTyp 3 2 2 2.4078 0.1574 349 15.30 <.0001 
Locati*Phase*SiteTyp 3 3 1 2.3672 0.1113 349 21.27 <.0001 
Locati*Phase*SiteTyp 3 3 2 2.3999 0.1574 349 15.25 <.0001 
Locati*Phase*SiteTyp 3 4 1 2.3832 0.1113 349 21.41 <.0001 
Locati*Phase*SiteTyp 3 4 2 2.3462 0.1574 349 14.91 <.0001 
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DF F Value Pr > F 
Location 2 38 2.33 0.1112 
Phase 3 381 52.14 <.0001 
Location*Phase 6 381 5.21 <.0001 
SiteType 1 38 0.46 0.5000 
Location*SiteType 2 38 1.43 0.2509 
Phase*SiteType 3 381 1.76 0.1535 
Locati*Phase*SiteTyp 6 381 2.03 0.0604 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   2.9764 0.05067 38 58.74 <.0001 
Location 2   2.9513 0.04813 38 61.31 <.0001 
Location 3   2.7249 0.1064 38 25.61 <.0001 
Phase  1  2.9906 0.05062 381 59.08 <.0001 
Phase  2  3.1245 0.05070 381 61.63 <.0001 
Phase  3  2.6814 0.04774 381 56.16 <.0001 
Phase  4  2.7404 0.04774 381 57.40 <.0001 
Location*Phase 1 1  2.9327 0.06958 381 42.15 <.0001 
Location*Phase 1 2  3.3163 0.06958 381 47.66 <.0001 
Location*Phase 1 3  2.7232 0.05497 381 49.54 <.0001 
Location*Phase 1 4  2.9335 0.05497 381 53.36 <.0001 
Location*Phase 2 1  3.0705 0.05465 381 56.18 <.0001 
Location*Phase 2 2  3.1553 0.05529 381 57.07 <.0001 
Location*Phase 2 3  2.7712 0.05465 381 50.71 <.0001 
Location*Phase 2 4  2.8083 0.05465 381 51.39 <.0001 
Location*Phase 3 1  2.9685 0.1234 381 24.05 <.0001 
Location*Phase 3 2  2.9020 0.1234 381 23.51 <.0001 
Location*Phase 3 3  2.5498 0.1204 381 21.17 <.0001 
Location*Phase 3 4  2.4793 0.1204 381 20.59 <.0001 
SiteType   1 2.8553 0.04614 38 61.89 <.0001 
SiteType   2 2.9131 0.07124 38 40.89 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  1 2.9805 0.04532 38 65.76 <.0001 
Location*SiteType 1  2 2.9723 0.09064 38 32.79 <.0001 
Location*SiteType 2  1 2.8452 0.04198 38 67.78 <.0001 
Location*SiteType 2  2 3.0574 0.08664 38 35.29 <.0001 
Location*SiteType 3  1 2.7403 0.1239 38 22.12 <.0001 
Location*SiteType 3  2 2.7095 0.1731 38 15.66 <.0001 
Phase*SiteType  1 1 2.9897 0.05618 381 53.22 <.0001 
Phase*SiteType  1 2 2.9915 0.08423 381 35.52 <.0001 
Phase*SiteType  2 1 3.1186 0.05618 381 55.52 <.0001 
Phase*SiteType  2 2 3.1304 0.08441 381 37.08 <.0001 
Phase*SiteType  3 1 2.5999 0.05168 381 50.31 <.0001 
Phase*SiteType  3 2 2.7629 0.08030 381 34.41 <.0001 
Phase*SiteType  4 1 2.7131 0.05168 381 52.50 <.0001 
Phase*SiteType  4 2 2.7676 0.08030 381 34.47 <.0001 
Locati*Phase*SiteTyp 1 1 1 2.9963 0.06223 381 48.15 <.0001 
Locati*Phase*SiteTyp 1 1 2 2.8691 0.1245 381 23.05 <.0001 
Locati*Phase*SiteTyp 1 2 1 3.3488 0.06223 381 53.81 <.0001 
Locati*Phase*SiteTyp 1 2 2 3.2837 0.1245 381 26.38 <.0001 
Locati*Phase*SiteTyp 1 3 1 2.7197 0.04917 381 55.31 <.0001 
Locati*Phase*SiteTyp 1 3 2 2.7266 0.09834 381 27.73 <.0001 
Locati*Phase*SiteTyp 1 4 1 2.8570 0.04917 381 58.10 <.0001 
Locati*Phase*SiteTyp 1 4 2 3.0100 0.09834 381 30.61 <.0001 
Locati*Phase*SiteTyp 2 1 1 2.9577 0.04770 381 62.00 <.0001 
Locati*Phase*SiteTyp 2 1 2 3.1832 0.09834 381 32.37 <.0001 
Locati*Phase*SiteTyp 2 2 1 3.0705 0.04770 381 64.37 <.0001 
Locati*Phase*SiteTyp 2 2 2 3.2401 0.09976 381 32.48 <.0001 
Locati*Phase*SiteTyp 2 3 1 2.6092 0.04770 381 54.70 <.0001 
Locati*Phase*SiteTyp 2 3 2 2.9333 0.09834 381 29.83 <.0001 
Locati*Phase*SiteTyp 2 4 1 2.7434 0.04770 381 57.51 <.0001 
Locati*Phase*SiteTyp 2 4 2 2.8732 0.09834 381 29.22 <.0001 
Locati*Phase*SiteTyp 3 1 1 3.0149 0.1492 381 20.21 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 2 2.9221 0.1967 381 14.86 <.0001 
Locati*Phase*SiteTyp 3 2 1 2.9366 0.1492 381 19.69 <.0001 
Locati*Phase*SiteTyp 3 2 2 2.8674 0.1967 381 14.58 <.0001 
Locati*Phase*SiteTyp 3 3 1 2.4708 0.1391 381 17.77 <.0001 
Locati*Phase*SiteTyp 3 3 2 2.6288 0.1967 381 13.37 <.0001 
Locati*Phase*SiteTyp 3 4 1 2.5388 0.1391 381 18.26 <.0001 
Locati*Phase*SiteTyp 3 4 2 2.4198 0.1967 381 12.30 <.0001 
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DF F Value Pr > F 
Location 2 27 8.22 0.0016 
Phase 3 47 3.78 0.0164 
Location*Phase 0 . . . 
SiteType 1 27 0.00 0.9614 
Location*SiteType 2 27 6.94 0.0037 
Phase*SiteType 0 . . . 
Locati*Phase*SiteTyp 0 . . . 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   Non-est . . . . 
Location 2   Non-est . . . . 
Location 3   Non-est . . . . 
Phase  1  Non-est . . . . 
Phase  2  Non-est . . . . 
Phase  3  Non-est . . . . 
Phase  4  1.1373 0.02175 47 52.29 <.0001 
Location*Phase 1 3  Non-est . . . . 
Location*Phase 1 4  1.1129 0.03368 47 33.04 <.0001 
Location*Phase 2 1  Non-est . . . . 
Location*Phase 2 2  Non-est . . . . 
Location*Phase 2 4  1.2419 0.02422 47 51.27 <.0001 
Location*Phase 3 4  1.0571 0.05037 47 20.99 <.0001 
SiteType   1 Non-est . . . . 
SiteType   2 Non-est . . . . 
Location*SiteType 1  1 Non-est . . . . 
Location*SiteType 1  2 Non-est . . . . 
Location*SiteType 2  1 Non-est . . . . 
Location*SiteType 2  2 Non-est . . . . 
Location*SiteType 3  1 Non-est . . . . 
Location*SiteType 3  2 Non-est . . . . 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Phase*SiteType  1 1 Non-est . . . . 
Phase*SiteType  2 1 Non-est . . . . 
Phase*SiteType  3 1 Non-est . . . . 
Phase*SiteType  4 1 1.1362 0.02426 47 46.83 <.0001 
Phase*SiteType  4 2 1.1384 0.03611 47 31.53 <.0001 
Locati*Phase*SiteTyp 1 3 1 1.2206 0.1379 47 8.85 <.0001 
Locati*Phase*SiteTyp 1 4 1 1.1860 0.02705 47 43.84 <.0001 
Locati*Phase*SiteTyp 1 4 2 1.0398 0.06169 47 16.86 <.0001 
Locati*Phase*SiteTyp 2 1 1 0.9154 0.07964 47 11.49 <.0001 
Locati*Phase*SiteTyp 2 2 1 0.9977 0.07964 47 12.53 <.0001 
Locati*Phase*SiteTyp 2 4 1 1.1622 0.02759 47 42.13 <.0001 
Locati*Phase*SiteTyp 2 4 2 1.3216 0.03982 47 33.19 <.0001 
Locati*Phase*SiteTyp 3 4 1 1.0605 0.06169 47 17.19 <.0001 
Locati*Phase*SiteTyp 3 4 2 1.0537 0.07964 47 13.23 <.0001 
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DF F Value Pr > F 
Location 2 30 2.95 0.0679 
Phase 3 88 2.13 0.1017 
Location*Phase 4 88 2.34 0.0609 
SiteType 1 30 2.21 0.1474 
Location*SiteType 2 30 0.65 0.5274 
Phase*SiteType 2 88 0.69 0.5024 
Locati*Phase*SiteTyp 1 88 0.19 0.6651 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   Non-est . . . . 
Location 2   Non-est . . . . 
Location 3   Non-est . . . . 
Phase  1  Non-est . . . . 
Phase  2  Non-est . . . . 
Phase  3  Non-est . . . . 
Phase  4  Non-est . . . . 
Location*Phase 1 1  Non-est . . . . 
Location*Phase 1 2  Non-est . . . . 
Location*Phase 1 3  1.2964 0.05462 88 23.73 <.0001 
Location*Phase 1 4  1.0972 0.07460 88 14.71 <.0001 
Location*Phase 2 1  1.1629 0.02779 88 41.85 <.0001 
Location*Phase 2 2  Non-est . . . . 
Location*Phase 2 3  1.0302 0.05796 88 17.78 <.0001 
Location*Phase 2 4  1.0690 0.03280 88 32.59 <.0001 
Location*Phase 3 1  1.1476 0.06361 88 18.04 <.0001 
Location*Phase 3 2  Non-est . . . . 
Location*Phase 3 4  Non-est . . . . 
SiteType   1 Non-est . . . . 
SiteType   2 Non-est . . . . 
Location*SiteType 1  1 1.2666 0.04001 30 31.65 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  2 Non-est . . . . 
Location*SiteType 2  1 1.0866 0.02458 30 44.21 <.0001 
Location*SiteType 2  2 Non-est . . . . 
Location*SiteType 3  1 Non-est . . . . 
Location*SiteType 3  2 Non-est . . . . 
Phase*SiteType  1 1 1.2270 0.02994 88 40.98 <.0001 
Phase*SiteType  1 2 Non-est . . . . 
Phase*SiteType  2 1 Non-est . . . . 
Phase*SiteType  2 2 Non-est . . . . 
Phase*SiteType  3 1 Non-est . . . . 
Phase*SiteType  3 2 Non-est . . . . 
Phase*SiteType  4 1 1.0882 0.05105 88 21.32 <.0001 
Phase*SiteType  4 2 Non-est . . . . 
Locati*Phase*SiteTyp 1 1 1 1.2652 0.04201 88 30.11 <.0001 
Locati*Phase*SiteTyp 1 2 1 1.3025 0.1455 88 8.95 <.0001 
Locati*Phase*SiteTyp 1 3 1 1.3155 0.03663 88 35.91 <.0001 
Locati*Phase*SiteTyp 1 3 2 1.2772 0.1029 88 12.41 <.0001 
Locati*Phase*SiteTyp 1 4 1 1.1831 0.03290 88 35.96 <.0001 
Locati*Phase*SiteTyp 1 4 2 1.0112 0.1455 88 6.95 <.0001 
Locati*Phase*SiteTyp 2 1 1 1.2001 0.03012 88 39.84 <.0001 
Locati*Phase*SiteTyp 2 1 2 1.1258 0.04671 88 24.10 <.0001 
Locati*Phase*SiteTyp 2 2 1 1.0633 0.06570 88 16.18 <.0001 
Locati*Phase*SiteTyp 2 3 1 1.0132 0.05167 88 19.61 <.0001 
Locati*Phase*SiteTyp 2 3 2 1.0472 0.1038 88 10.09 <.0001 
Locati*Phase*SiteTyp 2 4 1 1.0697 0.03462 88 30.90 <.0001 
Locati*Phase*SiteTyp 2 4 2 1.0684 0.05573 88 19.17 <.0001 
Locati*Phase*SiteTyp 3 1 1 1.2156 0.07346 88 16.55 <.0001 
Locati*Phase*SiteTyp 3 1 2 1.0797 0.1039 88 10.39 <.0001 
Locati*Phase*SiteTyp 3 2 2 0.9953 0.1039 88 9.58 <.0001 
Locati*Phase*SiteTyp 3 4 1 1.0118 0.1455 88 6.95 <.0001 
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DF F Value Pr > F 
Location 2 38 2.35 0.1088 
Phase 3 309 25.60 <.0001 
Location*Phase 6 309 1.77 0.1042 
SiteType 1 38 2.39 0.1304 
Location*SiteType 2 38 2.38 0.1060 
Phase*SiteType 3 309 4.41 0.0047 
Locati*Phase*SiteTyp 5 309 1.32 0.2538 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   1.5744 0.05354 38 29.41 <.0001 
Location 2   1.6180 0.03906 38 41.42 <.0001 
Location 3   Non-est . . . . 
Phase  1  Non-est . . . . 
Phase  2  1.3970 0.06700 309 20.85 <.0001 
Phase  3  1.5959 0.04675 309 34.14 <.0001 
Phase  4  1.8990 0.04667 309 40.69 <.0001 
Location*Phase 1 1  1.2386 0.1550 309 7.99 <.0001 
Location*Phase 1 2  1.5374 0.08467 309 18.16 <.0001 
Location*Phase 1 3  1.6743 0.05379 309 31.13 <.0001 
Location*Phase 1 4  1.8473 0.05370 309 34.40 <.0001 
Location*Phase 2 1  1.4305 0.07405 309 19.32 <.0001 
Location*Phase 2 2  1.3932 0.06297 309 22.12 <.0001 
Location*Phase 2 3  1.6596 0.05418 309 30.63 <.0001 
Location*Phase 2 4  1.9887 0.05363 309 37.08 <.0001 
Location*Phase 3 1  Non-est . . . . 
Location*Phase 3 2  1.2604 0.1711 309 7.37 <.0001 
Location*Phase 3 3  1.4539 0.1176 309 12.36 <.0001 
Location*Phase 3 4  1.8609 0.1176 309 15.82 <.0001 
SiteType   1 1.5929 0.03616 38 44.05 <.0001 
SiteType   2 Non-est . . . . 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  1 1.6425 0.03957 38 41.51 <.0001 
Location*SiteType 1  2 1.5063 0.09950 38 15.14 <.0001 
Location*SiteType 2  1 1.5866 0.03436 38 46.18 <.0001 
Location*SiteType 2  2 1.6494 0.07016 38 23.51 <.0001 
Location*SiteType 3  1 1.5497 0.09500 38 16.31 <.0001 
Location*SiteType 3  2 Non-est . . . . 
Phase*SiteType  1 1 1.4547 0.06450 309 22.55 <.0001 
Phase*SiteType  1 2 Non-est . . . . 
Phase*SiteType  2 1 1.5020 0.06122 309 24.53 <.0001 
Phase*SiteType  2 2 1.2921 0.1192 309 10.84 <.0001 
Phase*SiteType  3 1 1.5734 0.05089 309 30.92 <.0001 
Phase*SiteType  3 2 1.6185 0.07843 309 20.64 <.0001 
Phase*SiteType  4 1 1.8415 0.05059 309 36.40 <.0001 
Phase*SiteType  4 2 1.9564 0.07843 309 24.95 <.0001 
Locati*Phase*SiteTyp 1 1 1 1.3767 0.08694 309 15.83 <.0001 
Locati*Phase*SiteTyp 1 1 2 1.1005 0.2976 309 3.70 0.0003 
Locati*Phase*SiteTyp 1 2 1 1.5856 0.07573 309 20.94 <.0001 
Locati*Phase*SiteTyp 1 2 2 1.4891 0.1515 309 9.83 <.0001 
Locati*Phase*SiteTyp 1 3 1 1.7447 0.04843 309 36.03 <.0001 
Locati*Phase*SiteTyp 1 3 2 1.6039 0.09605 309 16.70 <.0001 
Locati*Phase*SiteTyp 1 4 1 1.8629 0.04803 309 38.79 <.0001 
Locati*Phase*SiteTyp 1 4 2 1.8317 0.09605 309 19.07 <.0001 
Locati*Phase*SiteTyp 2 1 1 1.6932 0.06763 309 25.03 <.0001 
Locati*Phase*SiteTyp 2 1 2 1.1678 0.1318 309 8.86 <.0001 
Locati*Phase*SiteTyp 2 2 1 1.3607 0.05186 309 26.24 <.0001 
Locati*Phase*SiteTyp 2 2 2 1.4258 0.1148 309 12.42 <.0001 
Locati*Phase*SiteTyp 2 3 1 1.5199 0.05014 309 30.31 <.0001 
Locati*Phase*SiteTyp 2 3 2 1.7993 0.09605 309 18.73 <.0001 
Locati*Phase*SiteTyp 2 4 1 1.7725 0.04772 309 37.14 <.0001 
Locati*Phase*SiteTyp 2 4 2 2.2050 0.09605 309 22.96 <.0001 
Locati*Phase*SiteTyp 3 1 1 1.2944 0.1591 309 8.14 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 2 1 1.5596 0.1591 309 9.80 <.0001 
Locati*Phase*SiteTyp 3 2 2 0.9613 0.3029 309 3.17 0.0017 
Locati*Phase*SiteTyp 3 3 1 1.4556 0.1358 309 10.72 <.0001 
Locati*Phase*SiteTyp 3 3 2 1.4522 0.1921 309 7.56 <.0001 
Locati*Phase*SiteTyp 3 4 1 1.8892 0.1358 309 13.91 <.0001 
Locati*Phase*SiteTyp 3 4 2 1.8327 0.1921 309 9.54 <.0001 
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DF F Value Pr > F 
Location 2 38 0.44 0.6462 
Phase 3 343 304.10 <.0001 
Location*Phase 6 343 2.81 0.0110 
SiteType 1 38 0.01 0.9183 
Location*SiteType 2 38 2.21 0.1239 
Phase*SiteType 3 343 0.83 0.4766 
Locati*Phase*SiteTyp 6 343 5.05 <.0001 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   1.7117 0.02840 38 60.27 <.0001 
Location 2   1.7353 0.02607 38 66.57 <.0001 
Location 3   1.6810 0.05770 38 29.13 <.0001 
Phase  1  1.8071 0.03129 343 57.75 <.0001 
Phase  2  1.1546 0.03150 343 36.65 <.0001 
Phase  3  1.7375 0.02838 343 61.23 <.0001 
Phase  4  2.1381 0.03003 343 71.20 <.0001 
Location*Phase 1 1  1.7896 0.04661 343 38.39 <.0001 
Location*Phase 1 2  1.1285 0.04608 343 24.49 <.0001 
Location*Phase 1 3  1.7736 0.03271 343 54.23 <.0001 
Location*Phase 1 4  2.1552 0.03271 343 65.90 <.0001 
Location*Phase 2 1  1.8356 0.03310 343 55.46 <.0001 
Location*Phase 2 2  1.1335 0.03556 343 31.87 <.0001 
Location*Phase 2 3  1.7325 0.03248 343 53.35 <.0001 
Location*Phase 2 4  2.2394 0.03248 343 68.96 <.0001 
Location*Phase 3 1  1.7961 0.07447 343 24.12 <.0001 
Location*Phase 3 2  1.2018 0.07447 343 16.14 <.0001 
Location*Phase 3 3  1.7065 0.07157 343 23.84 <.0001 
Location*Phase 3 4  2.0197 0.07741 343 26.09 <.0001 
SiteType   1 1.7070 0.02567 38 66.50 <.0001 
SiteType   2 1.7117 0.03849 38 44.47 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  1 1.7151 0.02562 38 66.95 <.0001 
Location*SiteType 1  2 1.7084 0.05070 38 33.69 <.0001 
Location*SiteType 2  1 1.6755 0.02340 38 71.59 <.0001 
Location*SiteType 2  2 1.7950 0.04658 38 38.54 <.0001 
Location*SiteType 3  1 1.7303 0.06874 38 25.17 <.0001 
Location*SiteType 3  2 1.6318 0.09270 38 17.60 <.0001 
Phase*SiteType  1 1 1.7947 0.03531 343 50.83 <.0001 
Phase*SiteType  1 2 1.8195 0.05168 343 35.21 <.0001 
Phase*SiteType  2 1 1.1775 0.03605 343 32.66 <.0001 
Phase*SiteType  2 2 1.1317 0.05168 343 21.90 <.0001 
Phase*SiteType  3 1 1.7430 0.03073 343 56.72 <.0001 
Phase*SiteType  3 2 1.7320 0.04772 343 36.30 <.0001 
Phase*SiteType  4 1 2.1126 0.03648 343 57.91 <.0001 
Phase*SiteType  4 2 2.1636 0.04772 343 45.34 <.0001 
Locati*Phase*SiteTyp 1 1 1 1.7584 0.04356 343 40.37 <.0001 
Locati*Phase*SiteTyp 1 1 2 1.8208 0.08242 343 22.09 <.0001 
Locati*Phase*SiteTyp 1 2 1 1.1021 0.04121 343 26.74 <.0001 
Locati*Phase*SiteTyp 1 2 2 1.1548 0.08242 343 14.01 <.0001 
Locati*Phase*SiteTyp 1 3 1 1.7986 0.02939 343 61.20 <.0001 
Locati*Phase*SiteTyp 1 3 2 1.7485 0.05844 343 29.92 <.0001 
Locati*Phase*SiteTyp 1 4 1 2.2011 0.02939 343 74.89 <.0001 
Locati*Phase*SiteTyp 1 4 2 2.1093 0.05844 343 36.09 <.0001 
Locati*Phase*SiteTyp 2 1 1 1.8289 0.02835 343 64.52 <.0001 
Locati*Phase*SiteTyp 2 1 2 1.8423 0.05982 343 30.80 <.0001 
Locati*Phase*SiteTyp 2 2 1 1.0939 0.03848 343 28.43 <.0001 
Locati*Phase*SiteTyp 2 2 2 1.1731 0.05982 343 19.61 <.0001 
Locati*Phase*SiteTyp 2 3 1 1.7090 0.02835 343 60.29 <.0001 
Locati*Phase*SiteTyp 2 3 2 1.7560 0.05844 343 30.05 <.0001 
Locati*Phase*SiteTyp 2 4 1 2.0702 0.02835 343 73.03 <.0001 
Locati*Phase*SiteTyp 2 4 2 2.4086 0.05844 343 41.22 <.0001 
Locati*Phase*SiteTyp 3 1 1 1.7968 0.09230 343 19.47 <.0001 
 
The SAS System 





Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 2 1.7954 0.1169 343 15.36 <.0001 
Locati*Phase*SiteTyp 3 2 1 1.3363 0.09230 343 14.48 <.0001 
Locati*Phase*SiteTyp 3 2 2 1.0673 0.1169 343 9.13 <.0001 
Locati*Phase*SiteTyp 3 3 1 1.7214 0.08265 343 20.83 <.0001 
Locati*Phase*SiteTyp 3 3 2 1.6916 0.1169 343 14.47 <.0001 
Locati*Phase*SiteTyp 3 4 1 2.0665 0.1015 343 20.35 <.0001 
Locati*Phase*SiteTyp 3 4 2 1.9729 0.1169 343 16.88 <.0001 
 
The SAS System 










DF F Value Pr > F 
Location 2 38 0.01 0.9903 
Phase 3 309 69.35 <.0001 
Location*Phase 6 309 1.99 0.0669 
SiteType 1 38 0.00 0.9890 
Location*SiteType 2 38 0.48 0.6209 
Phase*SiteType 3 309 0.42 0.7359 
Locati*Phase*SiteTyp 6 309 1.34 0.2381 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   1.6359 0.08776 38 18.64 <.0001 
Location 2   1.6373 0.07557 38 21.67 <.0001 
Location 3   1.6612 0.1663 38 9.99 <.0001 
Phase  1  1.2541 0.08832 309 14.20 <.0001 
Phase  2  1.4025 0.08771 309 15.99 <.0001 
Phase  3  2.2564 0.07746 309 29.13 <.0001 
Phase  4  1.6663 0.07734 309 21.55 <.0001 
Location*Phase 1 1  1.3024 0.1496 309 8.71 <.0001 
Location*Phase 1 2  1.4259 0.1509 309 9.45 <.0001 
Location*Phase 1 3  2.1462 0.08897 309 24.12 <.0001 
Location*Phase 1 4  1.6691 0.08830 309 18.90 <.0001 
Location*Phase 2 1  1.2809 0.09086 309 14.10 <.0001 
Location*Phase 2 2  1.2415 0.09031 309 13.75 <.0001 
Location*Phase 2 3  2.3501 0.08822 309 26.64 <.0001 
Location*Phase 2 4  1.6768 0.08793 309 19.07 <.0001 
Location*Phase 3 1  1.1790 0.1990 309 5.93 <.0001 
Location*Phase 3 2  1.5400 0.1957 309 7.87 <.0001 
Location*Phase 3 3  2.2730 0.1957 309 11.61 <.0001 
Location*Phase 3 4  1.6530 0.1957 309 8.45 <.0001 
SiteType   1 1.6458 0.07329 38 22.46 <.0001 
SiteType   2 1.6439 0.1135 38 14.48 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  1 1.6591 0.07837 38 21.17 <.0001 
Location*SiteType 1  2 1.6127 0.1571 38 10.27 <.0001 
Location*SiteType 2  1 1.5625 0.06702 38 23.32 <.0001 
Location*SiteType 2  2 1.7122 0.1355 38 12.64 <.0001 
Location*SiteType 3  1 1.7157 0.1942 38 8.84 <.0001 
Location*SiteType 3  2 1.6068 0.2701 38 5.95 <.0001 
Phase*SiteType  1 1 1.2215 0.09579 309 12.75 <.0001 
Phase*SiteType  1 2 1.2867 0.1484 309 8.67 <.0001 
Phase*SiteType  2 1 1.4130 0.09351 309 15.11 <.0001 
Phase*SiteType  2 2 1.3919 0.1484 309 9.38 <.0001 
Phase*SiteType  3 1 2.2386 0.08599 309 26.03 <.0001 
Phase*SiteType  3 2 2.2742 0.1289 309 17.65 <.0001 
Phase*SiteType  4 1 1.7099 0.08555 309 19.99 <.0001 
Phase*SiteType  4 2 1.6227 0.1289 309 12.59 <.0001 
Locati*Phase*SiteTyp 1 1 1 1.2192 0.1289 309 9.46 <.0001 
Locati*Phase*SiteTyp 1 1 2 1.3856 0.2699 309 5.13 <.0001 
Locati*Phase*SiteTyp 1 2 1 1.4168 0.1352 309 10.48 <.0001 
Locati*Phase*SiteTyp 1 2 2 1.4351 0.2699 309 5.32 <.0001 
Locati*Phase*SiteTyp 1 3 1 2.1705 0.08220 309 26.41 <.0001 
Locati*Phase*SiteTyp 1 3 2 2.1218 0.1578 309 13.44 <.0001 
Locati*Phase*SiteTyp 1 4 1 1.8300 0.07926 309 23.09 <.0001 
Locati*Phase*SiteTyp 1 4 2 1.5082 0.1578 309 9.56 <.0001 
Locati*Phase*SiteTyp 2 1 1 1.2596 0.08517 309 14.79 <.0001 
Locati*Phase*SiteTyp 2 1 2 1.3022 0.1605 309 8.11 <.0001 
Locati*Phase*SiteTyp 2 2 1 1.2504 0.08280 309 15.10 <.0001 
Locati*Phase*SiteTyp 2 2 2 1.2327 0.1605 309 7.68 <.0001 
Locati*Phase*SiteTyp 2 3 1 2.1513 0.07890 309 27.27 <.0001 
Locati*Phase*SiteTyp 2 3 2 2.5489 0.1578 309 16.15 <.0001 
Locati*Phase*SiteTyp 2 4 1 1.5886 0.07760 309 20.47 <.0001 
Locati*Phase*SiteTyp 2 4 2 1.7650 0.1578 309 11.18 <.0001 
Locati*Phase*SiteTyp 3 1 1 1.1857 0.2423 309 4.89 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 2 1.1723 0.3156 309 3.71 0.0002 
Locati*Phase*SiteTyp 3 2 1 1.5719 0.2314 309 6.79 <.0001 
Locati*Phase*SiteTyp 3 2 2 1.5080 0.3156 309 4.78 <.0001 
Locati*Phase*SiteTyp 3 3 1 2.3941 0.2314 309 10.34 <.0001 
Locati*Phase*SiteTyp 3 3 2 2.1519 0.3156 309 6.82 <.0001 
Locati*Phase*SiteTyp 3 4 1 1.7110 0.2314 309 7.39 <.0001 
Locati*Phase*SiteTyp 3 4 2 1.5950 0.3156 309 5.05 <.0001 
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DF F Value Pr > F 
Location 2 38 0.21 0.8130 
Phase 3 381 301.30 <.0001 
Location*Phase 6 381 1.67 0.1266 
SiteType 1 38 0.98 0.3288 
Location*SiteType 2 38 0.03 0.9719 
Phase*SiteType 3 381 2.15 0.0936 
Locati*Phase*SiteTyp 6 381 2.24 0.0389 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   3.9908 0.06087 38 65.56 <.0001 
Location 2   3.9554 0.05003 38 79.06 <.0001 
Location 3   3.9152 0.1113 38 35.19 <.0001 
Phase  1  2.6389 0.07668 381 34.41 <.0001 
Phase  2  3.3705 0.07803 381 43.20 <.0001 
Phase  3  4.8002 0.06782 381 70.78 <.0001 
Phase  4  5.0056 0.06782 381 73.81 <.0001 
Location*Phase 1 1  2.6222 0.1252 381 20.95 <.0001 
Location*Phase 1 2  3.3824 0.1252 381 27.02 <.0001 
Location*Phase 1 3  4.9452 0.07809 381 63.33 <.0001 
Location*Phase 1 4  5.0135 0.07809 381 64.20 <.0001 
Location*Phase 2 1  2.7236 0.08004 381 34.03 <.0001 
Location*Phase 2 2  3.1962 0.07763 381 41.17 <.0001 
Location*Phase 2 3  4.8094 0.07763 381 61.95 <.0001 
Location*Phase 2 4  5.0925 0.07763 381 65.60 <.0001 
Location*Phase 3 1  2.5709 0.1756 381 14.64 <.0001 
Location*Phase 3 2  3.5330 0.1819 381 19.42 <.0001 
Location*Phase 3 3  4.6459 0.1711 381 27.15 <.0001 
Location*Phase 3 4  4.9108 0.1711 381 28.70 <.0001 
SiteType   1 3.9988 0.04974 38 80.39 <.0001 
SiteType   2 3.9089 0.07608 38 51.38 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  1 4.0282 0.05445 38 73.98 <.0001 
Location*SiteType 1  2 3.9535 0.1089 38 36.31 <.0001 
Location*SiteType 2  1 3.9897 0.04352 38 91.68 <.0001 
Location*SiteType 2  2 3.9212 0.09011 38 43.52 <.0001 
Location*SiteType 3  1 3.9784 0.1319 38 30.15 <.0001 
Location*SiteType 3  2 3.8519 0.1792 38 21.49 <.0001 
Phase*SiteType  1 1 2.8127 0.08335 381 33.74 <.0001 
Phase*SiteType  1 2 2.4651 0.1287 381 19.15 <.0001 
Phase*SiteType  2 1 3.4284 0.08912 381 38.47 <.0001 
Phase*SiteType  2 2 3.3127 0.1281 381 25.86 <.0001 
Phase*SiteType  3 1 4.7492 0.07341 381 64.69 <.0001 
Phase*SiteType  3 2 4.8512 0.1141 381 42.53 <.0001 
Phase*SiteType  4 1 5.0047 0.07341 381 68.18 <.0001 
Phase*SiteType  4 2 5.0065 0.1141 381 43.89 <.0001 
Locati*Phase*SiteTyp 1 1 1 2.7742 0.1120 381 24.78 <.0001 
Locati*Phase*SiteTyp 1 1 2 2.4703 0.2239 381 11.03 <.0001 
Locati*Phase*SiteTyp 1 2 1 3.3020 0.1120 381 29.49 <.0001 
Locati*Phase*SiteTyp 1 2 2 3.4628 0.2239 381 15.46 <.0001 
Locati*Phase*SiteTyp 1 3 1 4.9748 0.06985 381 71.22 <.0001 
Locati*Phase*SiteTyp 1 3 2 4.9157 0.1397 381 35.19 <.0001 
Locati*Phase*SiteTyp 1 4 1 5.0618 0.06985 381 72.47 <.0001 
Locati*Phase*SiteTyp 1 4 2 4.9651 0.1397 381 35.54 <.0001 
Locati*Phase*SiteTyp 2 1 1 2.9595 0.06832 381 43.32 <.0001 
Locati*Phase*SiteTyp 2 1 2 2.4877 0.1448 381 17.18 <.0001 
Locati*Phase*SiteTyp 2 2 1 3.4123 0.06776 381 50.36 <.0001 
Locati*Phase*SiteTyp 2 2 2 2.9800 0.1397 381 21.33 <.0001 
Locati*Phase*SiteTyp 2 3 1 4.6458 0.06776 381 68.56 <.0001 
Locati*Phase*SiteTyp 2 3 2 4.9731 0.1397 381 35.60 <.0001 
Locati*Phase*SiteTyp 2 4 1 4.9411 0.06776 381 72.92 <.0001 
Locati*Phase*SiteTyp 2 4 2 5.2439 0.1397 381 37.54 <.0001 
Locati*Phase*SiteTyp 3 1 1 2.7045 0.2129 381 12.70 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 2 2.4373 0.2794 381 8.72 <.0001 
Locati*Phase*SiteTyp 3 2 1 3.5709 0.2331 381 15.32 <.0001 
Locati*Phase*SiteTyp 3 2 2 3.4952 0.2794 381 12.51 <.0001 
Locati*Phase*SiteTyp 3 3 1 4.6270 0.1976 381 23.42 <.0001 
Locati*Phase*SiteTyp 3 3 2 4.6648 0.2794 381 16.70 <.0001 
Locati*Phase*SiteTyp 3 4 1 5.0113 0.1976 381 25.37 <.0001 
Locati*Phase*SiteTyp 3 4 2 4.8103 0.2794 381 17.22 <.0001 
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DF F Value Pr > F 
Location 2 38 0.52 0.5970 
Phase 3 382 7.67 <.0001 
Location*Phase 6 382 2.11 0.0517 
SiteType 1 38 0.66 0.4234 
Location*SiteType 2 38 3.03 0.0603 
Phase*SiteType 3 382 5.13 0.0017 
Locati*Phase*SiteTyp 6 382 1.79 0.1003 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   3.3209 0.07226 38 45.96 <.0001 
Location 2   3.4179 0.06396 38 53.44 <.0001 
Location 3   3.4040 0.1420 38 23.97 <.0001 
Phase  1  3.2027 0.08169 382 39.21 <.0001 
Phase  2  3.6293 0.08291 382 43.77 <.0001 
Phase  3  3.3948 0.07445 382 45.60 <.0001 
Phase  4  3.2969 0.07445 382 44.28 <.0001 
Location*Phase 1 1  3.1809 0.1269 382 25.07 <.0001 
Location*Phase 1 2  3.6538 0.1261 382 28.97 <.0001 
Location*Phase 1 3  3.2633 0.08573 382 38.07 <.0001 
Location*Phase 1 4  3.1856 0.08573 382 37.16 <.0001 
Location*Phase 2 1  3.3486 0.08522 382 39.29 <.0001 
Location*Phase 2 2  3.4636 0.08522 382 40.64 <.0001 
Location*Phase 2 3  3.4400 0.08522 382 40.37 <.0001 
Location*Phase 2 4  3.4192 0.08522 382 40.12 <.0001 
Location*Phase 3 1  3.0786 0.1916 382 16.07 <.0001 
Location*Phase 3 2  3.7705 0.1967 382 19.17 <.0001 
Location*Phase 3 3  3.4810 0.1878 382 18.53 <.0001 
Location*Phase 3 4  3.2859 0.1878 382 17.49 <.0001 
SiteType   1 3.3346 0.06239 38 53.45 <.0001 
SiteType   2 3.4272 0.09597 38 35.71 <.0001 
 
The SAS System 





Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  1 3.3814 0.06492 38 52.09 <.0001 
Location*SiteType 1  2 3.2604 0.1291 38 25.25 <.0001 
Location*SiteType 2  1 3.2429 0.05583 38 58.09 <.0001 
Location*SiteType 2  2 3.5929 0.1151 38 31.22 <.0001 
Location*SiteType 3  1 3.3795 0.1664 38 20.30 <.0001 
Location*SiteType 3  2 3.4285 0.2302 38 14.89 <.0001 
Phase*SiteType  1 1 3.3233 0.08928 382 37.22 <.0001 
Phase*SiteType  1 2 3.0822 0.1368 382 22.53 <.0001 
Phase*SiteType  2 1 3.6005 0.09369 382 38.43 <.0001 
Phase*SiteType  2 2 3.6581 0.1368 382 26.73 <.0001 
Phase*SiteType  3 1 3.1773 0.08059 382 39.43 <.0001 
Phase*SiteType  3 2 3.6123 0.1252 382 28.85 <.0001 
Phase*SiteType  4 1 3.2373 0.08059 382 40.17 <.0001 
Phase*SiteType  4 2 3.3565 0.1252 382 26.81 <.0001 
Locati*Phase*SiteTyp 1 1 1 3.4182 0.1161 382 29.45 <.0001 
Locati*Phase*SiteTyp 1 1 2 2.9436 0.2256 382 13.05 <.0001 
Locati*Phase*SiteTyp 1 2 1 3.6241 0.1128 382 32.12 <.0001 
Locati*Phase*SiteTyp 1 2 2 3.6836 0.2256 382 16.33 <.0001 
Locati*Phase*SiteTyp 1 3 1 3.2773 0.07668 382 42.74 <.0001 
Locati*Phase*SiteTyp 1 3 2 3.2494 0.1534 382 21.19 <.0001 
Locati*Phase*SiteTyp 1 4 1 3.2061 0.07668 382 41.81 <.0001 
Locati*Phase*SiteTyp 1 4 2 3.1651 0.1534 382 20.64 <.0001 
Locati*Phase*SiteTyp 2 1 1 3.2191 0.07439 382 43.27 <.0001 
Locati*Phase*SiteTyp 2 1 2 3.4782 0.1534 382 22.68 <.0001 
Locati*Phase*SiteTyp 2 2 1 3.4584 0.07439 382 46.49 <.0001 
Locati*Phase*SiteTyp 2 2 2 3.4688 0.1534 382 22.62 <.0001 
Locati*Phase*SiteTyp 2 3 1 3.0980 0.07439 382 41.65 <.0001 
Locati*Phase*SiteTyp 2 3 2 3.7820 0.1534 382 24.66 <.0001 
Locati*Phase*SiteTyp 2 4 1 3.1960 0.07439 382 42.96 <.0001 
Locati*Phase*SiteTyp 2 4 2 3.6424 0.1534 382 23.75 <.0001 
Locati*Phase*SiteTyp 3 1 1 3.3325 0.2296 382 14.51 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 2 2.8247 0.3067 382 9.21 <.0001 
Locati*Phase*SiteTyp 3 2 1 3.7191 0.2464 382 15.09 <.0001 
Locati*Phase*SiteTyp 3 2 2 3.8218 0.3067 382 12.46 <.0001 
Locati*Phase*SiteTyp 3 3 1 3.1565 0.2169 382 14.55 <.0001 
Locati*Phase*SiteTyp 3 3 2 3.8055 0.3067 382 12.41 <.0001 
Locati*Phase*SiteTyp 3 4 1 3.3099 0.2169 382 15.26 <.0001 
Locati*Phase*SiteTyp 3 4 2 3.2619 0.3067 382 10.64 <.0001 
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DF F Value Pr > F 
Location 2 38 1.16 0.3247 
Phase 3 347 82.37 <.0001 
Location*Phase 6 347 3.37 0.0031 
SiteType 1 38 0.02 0.8971 
Location*SiteType 2 38 1.00 0.3780 
Phase*SiteType 3 347 3.64 0.0130 
Locati*Phase*SiteTyp 6 347 2.09 0.0534 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   1.6290 0.05962 38 27.32 <.0001 
Location 2   1.7456 0.05348 38 32.64 <.0001 
Location 3   1.6375 0.1192 38 13.74 <.0001 
Phase  1  1.2155 0.06579 347 18.47 <.0001 
Phase  2  1.4998 0.06191 347 24.23 <.0001 
Phase  3  2.0456 0.05510 347 37.13 <.0001 
Phase  4  1.9219 0.05506 347 34.91 <.0001 
Location*Phase 1 1  1.0603 0.1088 347 9.75 <.0001 
Location*Phase 1 2  1.4751 0.08512 347 17.33 <.0001 
Location*Phase 1 3  1.9857 0.06371 347 31.17 <.0001 
Location*Phase 1 4  1.9950 0.06345 347 31.44 <.0001 
Location*Phase 2 1  1.3127 0.06438 347 20.39 <.0001 
Location*Phase 2 2  1.4388 0.06535 347 22.02 <.0001 
Location*Phase 2 3  2.1710 0.06306 347 34.43 <.0001 
Location*Phase 2 4  2.0599 0.06301 347 32.69 <.0001 
Location*Phase 3 1  1.2733 0.1516 347 8.40 <.0001 
Location*Phase 3 2  1.5856 0.1516 347 10.46 <.0001 
Location*Phase 3 3  1.9801 0.1389 347 14.26 <.0001 
Location*Phase 3 4  1.7108 0.1389 347 12.32 <.0001 
SiteType   1 1.6769 0.05155 38 32.53 <.0001 
SiteType   2 1.6645 0.08067 38 20.63 <.0001 
 
The SAS System 





Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  1 1.6627 0.05287 38 31.45 <.0001 
Location*SiteType 1  2 1.5954 0.1069 38 14.93 <.0001 
Location*SiteType 2  1 1.6771 0.04671 38 35.90 <.0001 
Location*SiteType 2  2 1.8141 0.09623 38 18.85 <.0001 
Location*SiteType 3  1 1.6910 0.1376 38 12.29 <.0001 
Location*SiteType 3  2 1.5839 0.1946 38 8.14 <.0001 
Phase*SiteType  1 1 1.2579 0.06835 347 18.40 <.0001 
Phase*SiteType  1 2 1.1731 0.1124 347 10.43 <.0001 
Phase*SiteType  2 1 1.5977 0.06675 347 23.93 <.0001 
Phase*SiteType  2 2 1.4020 0.1043 347 13.44 <.0001 
Phase*SiteType  3 1 1.9889 0.05976 347 33.28 <.0001 
Phase*SiteType  3 2 2.1023 0.09258 347 22.71 <.0001 
Phase*SiteType  4 1 1.8633 0.05961 347 31.26 <.0001 
Phase*SiteType  4 2 1.9805 0.09258 347 21.39 <.0001 
Locati*Phase*SiteTyp 1 1 1 1.0766 0.09033 347 11.92 <.0001 
Locati*Phase*SiteTyp 1 1 2 1.0441 0.1979 347 5.28 <.0001 
Locati*Phase*SiteTyp 1 2 1 1.5720 0.07916 347 19.86 <.0001 
Locati*Phase*SiteTyp 1 2 2 1.3782 0.1507 347 9.15 <.0001 
Locati*Phase*SiteTyp 1 3 1 1.9904 0.05813 347 34.24 <.0001 
Locati*Phase*SiteTyp 1 3 2 1.9810 0.1134 347 17.47 <.0001 
Locati*Phase*SiteTyp 1 4 1 2.0116 0.05695 347 35.32 <.0001 
Locati*Phase*SiteTyp 1 4 2 1.9784 0.1134 347 17.45 <.0001 
Locati*Phase*SiteTyp 2 1 1 1.4091 0.05696 347 24.74 <.0001 
Locati*Phase*SiteTyp 2 1 2 1.2164 0.1155 347 10.53 <.0001 
Locati*Phase*SiteTyp 2 2 1 1.4797 0.05652 347 26.18 <.0001 
Locati*Phase*SiteTyp 2 2 2 1.3978 0.1179 347 11.86 <.0001 
Locati*Phase*SiteTyp 2 3 1 1.9701 0.05523 347 35.67 <.0001 
Locati*Phase*SiteTyp 2 3 2 2.3719 0.1134 347 20.92 <.0001 
Locati*Phase*SiteTyp 2 4 1 1.8495 0.05500 347 33.63 <.0001 
Locati*Phase*SiteTyp 2 4 2 2.2703 0.1134 347 20.02 <.0001 
Locati*Phase*SiteTyp 3 1 1 1.2880 0.1751 347 7.36 <.0001 
 
The SAS System 





Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 2 1.2587 0.2476 347 5.08 <.0001 
Locati*Phase*SiteTyp 3 2 1 1.7414 0.1751 347 9.95 <.0001 
Locati*Phase*SiteTyp 3 2 2 1.4299 0.2476 347 5.78 <.0001 
Locati*Phase*SiteTyp 3 3 1 2.0061 0.1604 347 12.51 <.0001 
Locati*Phase*SiteTyp 3 3 2 1.9540 0.2268 347 8.62 <.0001 
Locati*Phase*SiteTyp 3 4 1 1.7287 0.1604 347 10.78 <.0001 
Locati*Phase*SiteTyp 3 4 2 1.6929 0.2268 347 7.46 <.0001 
 
The SAS System 










DF F Value Pr > F 
Location 2 38 6.87 0.0028 
Phase 3 336 47.68 <.0001 
Location*Phase 6 336 3.11 0.0056 
SiteType 1 38 2.54 0.1192 
Location*SiteType 2 38 4.45 0.0184 
Phase*SiteType 3 336 4.53 0.0039 
Locati*Phase*SiteTyp 6 336 1.63 0.1389 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   1.4115 0.04558 38 30.97 <.0001 
Location 2   1.6374 0.04091 38 40.03 <.0001 
Location 3   1.5031 0.09012 38 16.68 <.0001 
Phase  1  1.2853 0.05374 336 23.92 <.0001 
Phase  2  1.4021 0.05286 336 26.53 <.0001 
Phase  3  1.5158 0.04506 336 33.64 <.0001 
Phase  4  1.8662 0.04471 336 41.74 <.0001 
Location*Phase 1 1  1.2541 0.08246 336 15.21 <.0001 
Location*Phase 1 2  1.4163 0.07578 336 18.69 <.0001 
Location*Phase 1 3  1.3395 0.05406 336 24.78 <.0001 
Location*Phase 1 4  1.6361 0.05148 336 31.78 <.0001 
Location*Phase 2 1  1.3735 0.05594 336 24.55 <.0001 
Location*Phase 2 2  1.4766 0.05780 336 25.55 <.0001 
Location*Phase 2 3  1.6901 0.05134 336 32.92 <.0001 
Location*Phase 2 4  2.0094 0.05117 336 39.27 <.0001 
Location*Phase 3 1  1.2282 0.1267 336 9.69 <.0001 
Location*Phase 3 2  1.3134 0.1267 336 10.36 <.0001 
Location*Phase 3 3  1.5177 0.1128 336 13.46 <.0001 
Location*Phase 3 4  1.9533 0.1128 336 17.32 <.0001 
SiteType   1 1.5752 0.03911 38 40.28 <.0001 
SiteType   2 1.4594 0.06122 38 23.84 <.0001 
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Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location*SiteType 1  1 1.5105 0.04100 38 36.84 <.0001 
Location*SiteType 1  2 1.3125 0.08142 38 16.12 <.0001 
Location*SiteType 2  1 1.5738 0.03539 38 44.47 <.0001 
Location*SiteType 2  2 1.7010 0.07376 38 23.06 <.0001 
Location*SiteType 3  1 1.6415 0.1041 38 15.77 <.0001 
Location*SiteType 3  2 1.3648 0.1472 38 9.27 <.0001 
Phase*SiteType  1 1 1.4079 0.05645 336 24.94 <.0001 
Phase*SiteType  1 2 1.1626 0.09146 336 12.71 <.0001 
Phase*SiteType  2 1 1.5369 0.05695 336 26.99 <.0001 
Phase*SiteType  2 2 1.2673 0.08907 336 14.23 <.0001 
Phase*SiteType  3 1 1.5030 0.04864 336 30.90 <.0001 
Phase*SiteType  3 2 1.5285 0.07588 336 20.14 <.0001 
Phase*SiteType  4 1 1.8531 0.04839 336 38.30 <.0001 
Phase*SiteType  4 2 1.8794 0.07519 336 25.00 <.0001 
Locati*Phase*SiteTyp 1 1 1 1.3422 0.06982 336 19.22 <.0001 
Locati*Phase*SiteTyp 1 1 2 1.1661 0.1494 336 7.80 <.0001 
Locati*Phase*SiteTyp 1 2 1 1.5626 0.07466 336 20.93 <.0001 
Locati*Phase*SiteTyp 1 2 2 1.2699 0.1319 336 9.63 <.0001 
Locati*Phase*SiteTyp 1 3 1 1.4572 0.04760 336 30.61 <.0001 
Locati*Phase*SiteTyp 1 3 2 1.2218 0.09707 336 12.59 <.0001 
Locati*Phase*SiteTyp 1 4 1 1.6798 0.04604 336 36.48 <.0001 
Locati*Phase*SiteTyp 1 4 2 1.5924 0.09208 336 17.29 <.0001 
Locati*Phase*SiteTyp 2 1 1 1.4504 0.04889 336 29.67 <.0001 
Locati*Phase*SiteTyp 2 1 2 1.2967 0.1006 336 12.89 <.0001 
Locati*Phase*SiteTyp 2 2 1 1.4318 0.04684 336 30.57 <.0001 
Locati*Phase*SiteTyp 2 2 2 1.5215 0.1057 336 14.40 <.0001 
Locati*Phase*SiteTyp 2 3 1 1.5311 0.04544 336 33.69 <.0001 
Locati*Phase*SiteTyp 2 3 2 1.8491 0.09208 336 20.08 <.0001 
Locati*Phase*SiteTyp 2 4 1 1.8821 0.04467 336 42.14 <.0001 
Locati*Phase*SiteTyp 2 4 2 2.1367 0.09208 336 23.20 <.0001 
Locati*Phase*SiteTyp 3 1 1 1.4313 0.1463 336 9.78 <.0001 
 
The SAS System 





Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 2 1.0251 0.2070 336 4.95 <.0001 
Locati*Phase*SiteTyp 3 2 1 1.6163 0.1463 336 11.04 <.0001 
Locati*Phase*SiteTyp 3 2 2 1.0105 0.2070 336 4.88 <.0001 
Locati*Phase*SiteTyp 3 3 1 1.5209 0.1302 336 11.68 <.0001 
Locati*Phase*SiteTyp 3 3 2 1.5145 0.1842 336 8.22 <.0001 
Locati*Phase*SiteTyp 3 4 1 1.9974 0.1302 336 15.34 <.0001 
Locati*Phase*SiteTyp 3 4 2 1.9091 0.1842 336 10.37 <.0001 
 
The SAS System 











DF F Value Pr > F 
Location 2 38 2.25 0.1189 
Phase 3 365 121.69 <.0001 
Location*Phase 6 365 6.21 <.0001 
SiteType 1 38 2.59 0.1157 
Location*SiteType 2 38 4.03 0.0258 
Phase*SiteType 3 365 10.66 <.0001 
Locati*Phase*SiteTyp 6 365 1.37 0.2259 
 
 
Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Location 1   2.3738 0.06040 38 39.30 <.0001 
Location 2   2.2301 0.05691 38 39.18 <.0001 
Location 3   2.1348 0.1259 38 16.96 <.0001 
Phase  1  1.6899 0.06478 365 26.09 <.0001 
Phase  2  2.3674 0.06159 365 38.44 <.0001 
Phase  3  2.1748 0.05797 365 37.51 <.0001 
Phase  4  2.7528 0.05797 365 47.49 <.0001 
Location*Phase 1 1  1.7233 0.08767 365 19.66 <.0001 
Location*Phase 1 2  2.5376 0.08767 365 28.95 <.0001 
Location*Phase 1 3  2.4439 0.06675 365 36.61 <.0001 
Location*Phase 1 4  2.7902 0.06675 365 41.80 <.0001 
Location*Phase 2 1  1.8030 0.06943 365 25.97 <.0001 
Location*Phase 2 2  2.2556 0.06729 365 33.52 <.0001 
Location*Phase 2 3  2.0638 0.06640 365 31.08 <.0001 
Location*Phase 2 4  2.7981 0.06635 365 42.17 <.0001 
Location*Phase 3 1  1.5433 0.1589 365 9.71 <.0001 
Location*Phase 3 2  2.3091 0.1481 365 15.59 <.0001 
Location*Phase 3 3  2.0168 0.1462 365 13.79 <.0001 
Location*Phase 3 4  2.6703 0.1462 365 18.26 <.0001 
SiteType   1 2.3271 0.05438 38 42.80 <.0001 
 
The SAS System 





Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
SiteType   2 2.1653 0.08454 38 25.61 <.0001 
Location*SiteType 1  1 2.5074 0.05402 38 46.42 <.0001 
Location*SiteType 1  2 2.2401 0.1080 38 20.73 <.0001 
Location*SiteType 2  1 2.1521 0.04974 38 43.27 <.0001 
Location*SiteType 2  2 2.3081 0.1024 38 22.54 <.0001 
Location*SiteType 3  1 2.3219 0.1457 38 15.94 <.0001 
Location*SiteType 3  2 1.9478 0.2053 38 9.49 <.0001 
Phase*SiteType  1 1 1.9794 0.06965 365 28.42 <.0001 
Phase*SiteType  1 2 1.4003 0.1092 365 12.82 <.0001 
Phase*SiteType  2 1 2.3998 0.06682 365 35.91 <.0001 
Phase*SiteType  2 2 2.3351 0.1035 365 22.57 <.0001 
Phase*SiteType  3 1 2.1665 0.06277 365 34.52 <.0001 
Phase*SiteType  3 2 2.1832 0.09749 365 22.39 <.0001 
Phase*SiteType  4 1 2.7629 0.06274 365 44.03 <.0001 
Phase*SiteType  4 2 2.7428 0.09749 365 28.13 <.0001 
Locati*Phase*SiteTyp 1 1 1 2.0909 0.07841 365 26.67 <.0001 
Locati*Phase*SiteTyp 1 1 2 1.3558 0.1568 365 8.65 <.0001 
Locati*Phase*SiteTyp 1 2 1 2.6028 0.07841 365 33.19 <.0001 
Locati*Phase*SiteTyp 1 2 2 2.4725 0.1568 365 15.77 <.0001 
Locati*Phase*SiteTyp 1 3 1 2.5039 0.05970 365 41.94 <.0001 
Locati*Phase*SiteTyp 1 3 2 2.3840 0.1194 365 19.97 <.0001 
Locati*Phase*SiteTyp 1 4 1 2.8323 0.05970 365 47.44 <.0001 
Locati*Phase*SiteTyp 1 4 2 2.7480 0.1194 365 23.02 <.0001 
Locati*Phase*SiteTyp 2 1 1 1.8336 0.06193 365 29.61 <.0001 
Locati*Phase*SiteTyp 2 1 2 1.7725 0.1243 365 14.26 <.0001 
Locati*Phase*SiteTyp 2 2 1 2.1997 0.05792 365 37.98 <.0001 
Locati*Phase*SiteTyp 2 2 2 2.3115 0.1215 365 19.03 <.0001 
Locati*Phase*SiteTyp 2 3 1 1.8748 0.05814 365 32.24 <.0001 
Locati*Phase*SiteTyp 2 3 2 2.2528 0.1194 365 18.87 <.0001 
Locati*Phase*SiteTyp 2 4 1 2.7005 0.05792 365 46.63 <.0001 
Locati*Phase*SiteTyp 2 4 2 2.8956 0.1194 365 24.25 <.0001 
 
The SAS System 





Least Squares Means 
Effect Location Phase SiteType Estimate 
Standard 
Error DF t Value Pr > |t| 
Locati*Phase*SiteTyp 3 1 1 2.0139 0.1835 365 10.97 <.0001 
Locati*Phase*SiteTyp 3 1 2 1.0727 0.2595 365 4.13 <.0001 
Locati*Phase*SiteTyp 3 2 1 2.3969 0.1752 365 13.68 <.0001 
Locati*Phase*SiteTyp 3 2 2 2.2212 0.2388 365 9.30 <.0001 
Locati*Phase*SiteTyp 3 3 1 2.1208 0.1689 365 12.56 <.0001 
Locati*Phase*SiteTyp 3 3 2 1.9128 0.2388 365 8.01 <.0001 
Locati*Phase*SiteTyp 3 4 1 2.7559 0.1689 365 16.32 <.0001 









Appendix D – All Graphs of ANOVA Results 
Variation Among Fractions 
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